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THE INTRAVENOUS, SUBCUTANEOUS AND CUTANEOUS TOXICITY 
OF &w(/S-CHLOROETHYL) SULFIDE (MUSTARD GAS) AND OF 
VARIOUS DERIVATIVES 1 

WILLIAM F. ANSLOW, Jr., DAVID A. KARNOFSICY, B. VAL JAGER 
and HOMER W. SMITH 

Department of Physiology, New York University College of Medicine, New York 
Received for publication July 11, 1947 

Mustard gas (6w(6-cKloroethyl) sulfide) was the major chemical agent used in 
World War I and it was anticipated in event of the outbreak of chemical warfare 
in World War II that it would be introduced both as an offensive and defensive 
weapon. Numerous studies of the toxicological action of this compound were 
carried out from 1917 to 1939, and it was known that in sufficient doses it induces 
systemic intoxication which culminates in death (1). However, the mechanism 
of this systemic intoxication was obscure and it was believed that by the study of 
related compounds the action of mustard and of other /3-chloroethyl vesicants 
could be correlated with chemical structure and reactivity. The studies reported 
here were directed towards these objectives. The present paper deals only with 
toxicity and gross pharmacologic action, data on clinical and microscopic pathol- 
ogy being reported elsewhere (2). 

EXPERIMENTAL 

Samples of bis(/3-chloroethyl) sulfide were obtained from the University of Chicago 
Toxicity Laboratory, g-chloroethyl-fi-hydroxyethyl sulfide was synthesized according to 
the method of Grant and Kinsey (3) from thiodigiycol and thionyl chloride. 0-chloroethyi 
fi(6ts(j3-kydtoxyethyl)sulfoaium)ethyt sulfide picrylsulfonate was isolated from an hydroly- 
sate of Ws(0-chloroethyi) sulfide according to the method of Bergmann and his collaborators 
(4) . Grateful acknowledgment is made to the late Dr . Bergmann and his collaborators for 
samples of the following: 0-cldoroethyl 0-(6is(0-hydroxyethyl) sulfonium)ethyl sulfide 
picrylsulfonate, f?-6i's(4<s(0-hydroxyetUyl)6ulfonium-ethyI) sulfide dipicrylsulfonate, fi-hy- 
droxyethy! U-(f>ts(0-hydroxyethyl)-sulfonium)ethyl sulfide picrylsulfonate, h>'s(S-pyridi- 
niumethyl) sulfide, 6:'sQ3-pyrid'miumethyl) sulfone, and vinyl (j9-(5:s(d-chloroethyl) 
amino)cthyl) sulfone. 

The conversion of (3-ehloroethyl S-(6is(j5-hydroxyethyl)sulfonium)-ethyl sulfide picryl- 
sulfonate to the chloride was accomplished by a method suggested by Dr. \Y. H. Stein. The 
picrylsulfonate was suspended in a smail quantity of acetone and water was added dropwise 
with agitation until the salt dissolved. The solution was chilled and an equivalent quan- 
tity of a cold solution of the dichlorocyclic dimer of 6:s(0-chloroethyl)methylamine was 
added. The insoluble dipicrylsulfonate of the dichlorocyclic dimer began precipitating 
immediately, and after standing 15 minutes, the precipitate was separated by filtration 
through a cotton plug. The precipitate was washed with cold water and the filtrate and 
washings were made up to a known volume in a volumetric flask. 


1 The work reported in this paper has been done under a contract, recommended by the 
National Defense Research Committee, between the Office of Scientific Research and 
t > Development And New York University. 
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For injection water soluble compounds were dissolved in 0.9 per cent saline, while lipoid 
soluble compounds were generally dissolved in propylene glycol (PG). In some cases, as 
noted in Tables 1 and 2, thiodiglycol was employed as a solvent, but this was rarely used 
because of its reactivity with react! ve ^-halogen compounds (5). The concentration of the 
saline solutions was such that the injection of 0.1 cc. of the solution provided the calculated 
dose for a 20 gm. mouse or a 200 gm. rat. When dogs and rabbits were used the concentra- 
tion of the solutions was so adjusted that 1 cc. contained the dose per kilogram of body 
weight. When other solvents were employed, the volume of solution injected is noted in 
Table 1. Similar volumes were injected of the solutions of compounds listed in Table 2. 

Intravenous injections were made in a tail vein in mice, the femoral vein of rats, a mar- 
ginal ear vein of rabbits and the jugular vein in dogs. Subcutaneous injections were made 
in the flank of mice and rats except where noted in Table 1. In applying the compounds 
cutaneously the compound was measured by a '‘drod”, a j cc. hypodermic syringe fitted to 
a micrometer screw which permitted the expression of small quantities of compound. 2 The 
drod was calibrated for each compound . The agents were applied to the clipped Bkin of the 
back while the animals were fastened to an animal board. When it was permissible, decon- 
tamination was accomplished after two hours by scrubbing the contaminated area with 
three cotton swabs wet with ether. When decontamination was not permissible, a collar 
was fastened about the neck of mice and rats to prevent self-licking, and animals were kept 
singly in cages. 

In determining the LD S0 , doses were decreased from a level above LDm by multiples of 
0.66 to a dose representing LD 0 , or conversely were increased from LDo by multiples of 1.5 
to a dose above LDm. In the mice series, 10 animals were injected at each dose, in the rat 
series 6 animals, and in the rabbit aeries 4 animals. All animals were observed for a period 
of 15 days and allowed food and water ad libitum. In calculating the LDjo the dose was 
plotted against per cent mortality on log-probability paper and a straight line was drawn 
by inspection to fit these points. The LD S0 was taken as the dose at which this lino crossed 
the 50 per cent mortality ordinate. 

Among animals receiving doses in the range of theLDto (i.e., from 0.5 to 2LD st i), certain 
clinical disturbances and pathologic changes are characteristic of the systemic intoxication 
induced by all the sulfur and nitrogen mustards, as reported elsewhere (2). The majority 
of deaths occurs on the 3rd, 4th or 5th day, a type of death which has been called ‘delayed’. 
Above the range of the LD 40 death may be relatively rapid or may be delayed, depending 
on the compound and the dose. Rapid death is of course the result of an acute pharmaco- 
logic disturbance, which in some cases was the only action regardless of the dose. 

RESULTS 

Bis(f}-chloroclhyl) sulfide. The LD t o of &!s(/?-chloroethyl) sulfide (hereafter 
designated as H) for various species and by various routes are shown in Table 1. 
Among the species studied rats appear to be the most sensitive. Particular inter- 
est attaches to the fact that when applied cutaneously, and under conditions 
which preclude ingestion, the LD M is relatively high in rabbits and mice (data on 
dogs are not available). The value given for the rabbit is only an approximation, 
and in some cases a dose of 100 mg./kg. was not fatal. Other workers have re- 
ported much lower LD M values than the one here reported (6), but ingestion by 
licking may have contributed to the mortality. Pathologic examination of all 
fatalities in our animals has failed to show any lesions in the oral cavity or in the 
upper esophagus, although in animals known to have circumvented their re- 
straints, a single lick at contaminated areas has produced death and at autopsy 
lesions were found in the upper gastrointestinal tract. 

* This instrument %vas devised by Dr. P. D. McMastcr. 
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The variations in the LDso dose in relation to solvent in the intravenous series 
of rabbits is possibly significant in interpreting the mechanism of systemic injury. 
Notice is particularly called to the diSerence between a solution of H in PG and 

TABLE 1 


The Parenteral Toxicity of H for Various Species ( LD t0 in mg, /kg.) 



S.OUTE 

ANIMAL 

Intravenous j 

Subcutaneous j 

Cutaneous 


LDts 

Sol- 

vent 

Remarks 

LDn 

Solvent 

Remarks 

LDw 

Remarks 

Mouse 

8.6 

PG 

0.05cc.so- ; 

26 

PG 

0.1 cc, per 20 

92 





lution 
per 20 
gm. 

mouse 



gm. mouse 







3.2 

PG 

1 cc./200 gm. 









injected in 
flank 







IE 

PG 

0.5cc./200gm, 









injected in 
flank 




0.7 

PG 


7.4 

sesame 

1 CC./200 gm. 






■ 


oil 

injected in 



Rat 

3.3 

neat 


H 

sesame , 

flank 

1 CC./200 gm. 

ca. 18 

i 







oil 

injected in 
back 







s.s 

95% al- 

1 CC./200 gm. 








cohol 

injected in 
back 







5.2 

neat 

injected in 









flank 




2.7 

PG 

0.5cc./kg. 







ca. 1.1 

TG 

0.5cc./kg. 







3.G 

neat 

rapid injee 




co. 100 

ingestion 

Rabbit 



tion 





pre- 

vented 


4. 

5 neat 

slow injee- 








I 

tion 







Abbreviations 
PG : propylene glycol 
TG : tliiodiglycnl 
neat' undiluted 

neat II. In the former case, H causes only diffuse pulmonary congestion, 
whereas when administered neat it causes severe necrotizing pulmonary lesions 
(2). In the transport of a substance introduced into the systemic venous circu- 
lation, flic first capillary lied to be reached is in the lungs. The severe nccrotiz- 
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ing pulmonary lesions observed after intravenous administration of neat H indi- 
cates that the venous blood contains particulate H which lodges in the pulmonary 
capillary bed. As a consequence of this immobilization, neighboring tissues are 
maximally damaged, and as long as the residue of the agent remains localized the 
H will be slowly hydrolyzed into the innocuous thiodiglyeol. Consequently a 
significant fraction of the injected material never reaches sensitive tissues and the 
essential injuries causing systemic intoxication and delayed death are to some 
degree avoided. Hence the toxicity is reduced. 

Compounds Related to H. It is known that the hydrolysis of H in water pro- 
ceeds by a series of stepwise reactions, the first consisting of an intramolecular 
reaction to form the cyclical sulfonium salt, d-chloroethyl-ethylenesulfonium 
chloride. The second step is the reaction of the sulfonium salt with water to 
form f?-chloroethyl 0-hydroxyethyl sulfide (semi-H) and hydrochloric acid. The 
second reaction is considerably faster than the first and therefore it has proved 
impossible to isolate the cyclical sulfonium salt (7). Subsequent hydrolysis, pre- 
sumably through the intermediation of a second cyclical sulfonium salt (|S-hy- 
droxyethyl-ethylenesulfonium chloride), yields thiodiglyeol. 

After introduction into the body H might undergo hydrolysis to form either 
semi-H or thiodiglyeol, the carbon chain or sulfur might be oxidized, or the first 
or second sulfonium ion might react by conjugation noth various tissue constitu- 
ents. Thus toxicity could be attributed to H or to any one of these derivatives. 
The studies on the compounds in Table 2 were concerned with the toxicity and 
action of some intermediates which might be involved in the above mechanisms. 

The data in Table 2 show that semi-H and thiodiglyeol are relatively non-toxic 
and can be eliminated from participation in the toxic reactions of H. 

Bimolecular and trimolecular sulfonium salts have been isolated from hydroly- 
sates of H (4, 8). These consist of /3-chloroetliyl /?(6fs(/?-hydroxyethyl) sulfo- 
nium)ethyl sulfide chloride (H-1TG), (3-hydroxyethyl /3-(6fs(/3-hydroxyethyl) 
sulfonium ethyl sulfide chloride (CH-ITG) and 6is-|3-(6fs()3-hydroxyethyl) sul- 
fonium ethyl) sulfide diehloride (H-2TG). Of these compounds the latter two 
possess relatively low toxicity and thus probably do not contribute much to the 
toxicity of H. The remaining compound, H-1TG, had received considerable 
attention because of its high toxicity. However, in spite of this high toxicity, it 
is doubtful if it participates in the toxicity of H since its formation requires the 
presence of thiodiglyeol, and except when employed as a solvent, thiodiglyeol can 
arise only by hydrolysis of H. Fifteen minutes 3 after the intravenous injection 
of an LDso dose dissolved in PG, if 50 per cent of the H remained as such and were 
distributed in the extracellular fluid (assuming the extracellular fluid to be 25 per 
cent of the body weight) the concentration of H would be 9 X 10~ 3 mM per liter 
in the rat and 34 X 10 -3 mM in the rabbit. Assuming that the 50 per cent of II 
which had disappeared had been converted entirely to thiodiglyeol in the extracel- 
lular fluid, the concentration of thiodiglyeol in the rabbit would also be 34 X 10~ 3 
mM per liter. The possibility of the formation of a bimolecular sulfonium salt at 
this concentration is remote. Moreover, H disappears rapidly from the blood in 

3 The half-life time of H in blood at 37°C. is 14 minules (!>). 



TABLE 2 

Toxicity of Compounds Related to II. {LDw in mg./hg.) 


COMPOUND 

LDia 

SOtVENT 

BElfARKS 

A. Compounds arising from thehydrol- 






ysis of H 




Mouse 


1. 0-chloroethvl-(3-hydroxyethyl sul- 

600 

neat 

cutaneous 

fide 

ca. 

35 

PG 

Mouse 

intravenous 

2. Thiodiglycol* 


4-5 

neat 

Mouse 

subcutaneous 



2 

neat 

Mouse 

intravenous 



4 

neat 

Rat 

intravenous 



4 

neat 

Rat 

subcutaneous 



3 

neat 

Rabbit 

intravenous 

3. (3-chloroethyl 0-(jbis(fi- hydroxy- 


0.52 

saline 

Rat 

intravenous 

ethyl)sulfonium)ethyl sulfide 


1.2 

saline 

Mouse 

intravenous 

picrylfulfonate 


2.4 

saline 

Mouse 

subcutaneous 

4. /3-chloroethyl /3-(bis(/3-hydroxy- 

ca. 

15 

saline 

Mouse 

cutaneous 

e thy 1 ) s ul f o tii u rn 1 e thy 1 sulfide 

ca. 

4.5 

saline 

Rabbit 

intravenous 

chloride 

>30 

saline 

Rabbit 

cutaneous 


>30 

saline 

Dog 

cutaneous 



6 

saline 

Dog 

intravenous 



10-15 

saline 

Rat 

cutaneous 

5. 6is(6t's(/3-hydroxyethyl)sulfoni. 


50-100 

saline 

Mouse 

subcutaneous 

umethyl) sulfide dipicrylsul- 
fonate 



: 



G. |3-hydroxyethyl|3-(6isG3-hydroxy- 


67 ' 

saline 

Mouse 

intravenous 

ethyl)sulfonium)ethyl sulfide 

ca. 

86 1 

saline 1 

Mouse 

subcutaneous 

picrylsulfonate 

ca. 

36 

i 

saline 1 

Rat 

intravenous 

B. Compounds arising from the ozida- 






lion of II 

1. b!s(/5-chlorocthyl)sulfono 

ca. 

50 

PG 

Mouse 

intravenous 


ca. 

35 

PG 

Mouse 

subcutaneous 



>72 

PG 

Rat 

intravenous 


ca. 

50 

PG 

Rat 

subcutaneous 

2. Divinyl sulfone 

ca. 

11 

PG 

Mouse 

intravenous 


ca. 

16 

PG 

Mouse 

subcutaneous 


ca. 

12 

PG 

Rat 

intravenous 


ca. 

14 

PG 

Rat 

subcutaneous 

C, Replacement or addition derivatives 






of above compounds 

I. 6:s(^'pyridiniumcthyl)fiulfidc 


25 

saline 

Mouse 

intraperitoneal 

2. In's (p-pyridini umethyl )sul fone 


197 

saline 

Mouse 

intraperitoncal 

3. rfnyf(/3-&is(/3-chIoroethyI)amino) 


9.0 

saline 

Mouse 

subcutaneous 

ethyl sulfonc-f 

1 

2.55 

saline 

Rabbit 

intravenous 


* LD m for thiodiglycol is expressed in cc./kg. 

1 Classification of tliis compound among derivatives of If is arbitrary since it may also 
be classified ns a derivative of tlie nitrogen mustards. 


5 





6 


ANSLOW, KARNOFSKV, JAGEH AND SJIITH 


consequence of removal by blood cells and tissues, and not all the H hydrolysed 
appears as thiodiglyeol, some being present as 0-chloroethyl 0-hydroxyethyl 
sulfide. 

That H is rapidly absorbed by many tissues is certain, and such absorption, by 
increasing the concentration of H within the cells, would enhance the probability 
of bimolecular sulfonium salt formation. But since bimolecular sulfonium salt 
formation probably involves the cyclical sulfonium salt, which reacts rapidly with 
many tissues constituents, such thiodiglyeol as might be formed in the cell would 
probably be a weak competitor. 

Localization of concentrated H, for example in skin application and subcuta- 
neous administration, offers the best conditions for bimolecular sulfonium salt 
formation because the extracellular fluid in the area of application or deposition 
may be nearly saturated with H. Even here, however, the extent of sulfonium 
formation appears to be slight, as judged by the fact that radioactive H-1TG com- 
prised no more than 2.5 per cent of the extra ctables in pig skin after application 
of radioactive H (H*) (10). Hence H-1TG in the blood may be dismissed as an 
active agent in systemic intoxication. 

Nevertheless, the high toxicity of H-lTG, particularly on the skin of rats and 
mice (Table 2), is a noteworthy observation. Although the compound dissoci- 
ates in aqueous solution to form H and TG, apparently H-lTG is toxic per se 
since if dismutation were involved in intoxication, the LD S0 would be higher than 
that for H. The high skin toxicity indicates that a laTge fraction of the salt is 
rapidly absorbed through the skin, an unusual circumstance for a water soluble 
compound. Assuming that the subcutaneous LD m is a measure of the amount 
of agent which, after skin contamination, is absorbed through the skin, the frac- 
tion absorbed is given by the ratio of the subcutaneous LD £0 to the cutaneous 
LD s o, or 0.2. 

In mice and rabbits intoxicated cutaneously and subcutaneously w’ith LD t o 
and 0.5 LD s o doses of the chloride, the chief pathologic changes were: moderate 
to severe enteritis; mild necrosis of the liver at LD 50 doses; injury to the lymphoid 
organs, especially the spleen; and mild to moderate adrenal congestion. There 
was no bone marrow injury' in either species. Two notable pathologic differences 
were observed in these species. In mice the adrenals were markedly congested 
while in rabbits these organs were only' mildly' congested. In mice the spleen was 
greatly enlarged (approximately 3 times the normal size) and showed marked 
hypertrophy of the white pulp, while in rabbits the spleen w'as markedly' atrophic 
(I to § normal size) and the white pulp was severely involuted. 

In rats intoxicated intravenously with supra LDso doses (1.4, 2.2 and 3 X LD fl0 ) 
of the picrylsulfonato, and in rabbits intoxicated intravenously with LD W doses 
of the chloride, terminal white blood cell counts showed the absence of significant 
leucopenia. In dogs the intravenous administration of 4.7 mg./kg. of the chlo- 
ride and 9.0 mg./kg. of the picrylsulfonato produced a slight leucopenia in l- ani- 
mals. Similarly, a course of 10 daily' injections of 0.1 LDso dose of either the 
chloride or the picrylsulfonate gave rise to slight leucopenia in ’ animals during 
the course of injection with counts recovering by the end of the 10-day' injection 
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period. Animal s showing slight leucopenia frequently manifested other clinical 
symptoms such as diarrhea and vomiting. It is conceivable that the clinical 
signs of intoxication are attributable to mustard which arises from dissociation of 
the sulfonium salt. 

Oxidative processes might occur on the carbon chain or the sulfur, or both. 
Following the cutaneous application (11) or intravenous injection of H* (12), a 
high fraction of the applied S 3S is excreted in the urine. The excreted product 
occurs in the neutral sulfur fraction of the urine and has not been identified. It 
would appear that H is not metabolized to sulfate. Therefore, the excreted 
sulfur may represent any number of sulfur compounds in almost any state of 
oxidation. The studies of some compounds in Table 2 were made to determine 
the toxicity of some oxidized derivatives of H. 

The toxicity of divinyl sulfone and 6ts(d-chloroethyl) sulfone (mustard sulfone) 
is capricious, the mortality data showing considerable spread. However, it seems 
certain that divinyl sulfone is more toxic than mustard sulfone. Peculiarly, the 
latter compound is more toxic in rats and mice when administered subcutaneously 
than when administered intravenously. This circumstance suggests that after 
subcutaneous injection, mustard sulfone undergoes conversion in the body fluids 
into the more toxic divinyl sulfone, a reaction which has been demonstrated to 
occur in viiro (13). 

Toxic doses of mustard sulfone and divinyl sulfone given intravenously in rats 
cause death within 24 hours accompanied by pulmonary injury. But when the 
compounds are given subcutaneously to rats at or above LD 60 dose, significant 
pathologic changes are not discoverable and neither compound produces the de- 
layed systemic pathologic changes characteristic of H intoxication. 

A few rabbit studies indicate that at doses slightly above the LDso divinyl sul- 
fone has a marked, immediate parasympathomimetic action. One rabbit receiv- 
ing 20 mg./kg. of neat divinyl sulfone intravenously developed pupillary con- 
striction and slight salivation immediately following the injection. Progressive 
weakness and generalized tremors followed, and after 20 minutes, parasympa- 
thetic activity persisting, the animal began to have intermittent convulsions 
which persisted until death at 45 minutes. A second rabbit receiving 10 mg./kg. 
of neat divinyl sulfone had similar immediate symptoms, parasympathomimetic 
action being manifest for 2 hours, and died 8 hours after injection with severe ter- 
minal convulsions. A third rabbit given 7 mg./kg. of neat divinyl sulfone failed 
to develop any symptoms. Convulsions also have been observed in rats receiving 
intravenous doses of either divinyl sulfone or mustard sulfone. 

With respect to these data, it Is noteworthy that mustard sulfoxide, presum- 
ably an intermediate in the chemical conversion of mustard to its sulfone, is less 
toxic than either H or mustard sulfone (14). 

The early t 5 ’pe of death in animals intoxicated with divinyl sulfone or mustard 
sulfone and the absence of pathologic lesions typical of H intoxication, are cogent 
arguments against the hypothesis that these oxidized derivatives play a role in 
the toxic action of H. 

H reacts with a number of chemical groups which are found in constituents of 
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biological systems. It reacts with the carboxyl and amino groups of amino acids, 
and the nitrogen of pyridine derivatives such as nicotinic acid (5), forming de- 
rivatives which belong to the conjugative type. , For the most part these deriva- 
tives are relatively non-toxic (5). However, 6isOS-pyridiniumethyl) sulfide 
(Table 2) has a fairly high toxicity. This compound, along with bfs(ff-pyridmiuin- 
ethyl) sulfone and vinyl /9(b£s(/3-chloroethyl)amino)ethyl sulfone, were studied 
because of their relationship to H and divinyl sulfone. 

Both bis(/3-pyridiniumethyl) sulfone and bzs(/8-pyridiniumethyl) sulfide contain 
a quaternary nitrogen atom. However, they possess different chemical proper- 
ties. Bis(jS-pyridiniumethyl) sulfoneexists in equilibrium with pyridine, themon- 
opyridiniumethyl derivative and divinyl sulfone. Thus, at pH 7.5 and 25° C., 
iw(/3-pyridiniumethyl) sulfone has been shown to alkylate the sulfhydryl group 
of cysteine and the amino group of alanine (13). Bis(jS-pyridiniumethyl) sulfide 
is unable to alkylate in this manner and is apparently a stable compound. This 
difference in chemical properties is reflected in a difference of pharmacologic 
properties. The sulfone derivative has an LD 6 o of 197 mg./kg. for mice when 
injected intraperitoneally whereas the sulfide derivative has an LD M of 25 mg./kg. 
for this species by the same route. There are no delayed deaths among mice 
given the sulfide, all mice which live through the first 30 minutes after injection 
survive the full observation period. Convulsive seizures occurred within 10 
minutes after injection and deaths were apparently preceded by respiratory 
paralysis. No convulsions were observed after administration of the sulfone. 
Death time following administration of the latter compound is very similar to 
that after administration of divinyl sulfone, some deaths being recorded late in 
the first 24 hours but none during the early period. 

The pharmacologic properties of bzs(fi-pyridiniumethyl) sulfide are apparently 
attributable to the stable character of the quaternary nitrogen atom. On the 
other hand, the pharmacologic properties of Ws(|S-pyridinium)ethyl sulfone are 
attributable to its dissociation and reactivity as an alkylating agent. 

The remaining compound, vinyl /J(bzs(/J-chloroethyl)amino)ethyl sulfone, is 
related not only to divinyl sulfone but also to the nitrogen mustards, since it con- 
tains two 0-chloroethyl groups attached to a tertiary nitrogen atom. Judging 
from its pharmacologic action in the rabbit, this compound resembles the nitrogen 
mustards more than it resembles divinyl sulfone. However, in the mouse it acts 
like divinyl sulfone and it is included in Table 2 to complete the study of the 
derivatives of H. In the mouse, death is delayed whether the compound is given 
subcutaneously or intravenously, the majority of deaths occurring between 72 
and 16S hours, with none earlier than 72 hours. In mice sacrificed at 24 hour 
intervals ranging from 24 to 120 hours after receiving 9.0 mg./kg. of this com- 
pound, the essential pathologic changes are mild congestion and edema of the 
lungs, mild enteritis appearing by 48 hours, hypertrophy of the white pulp of the 
spleen, increased numbers of lymphocytes with almost complete obliteration of 
the medulla of the thymus and mild congestion of the adrenals. It is question- 
able whether any of these changes, or combinations of them, are sufficient to ac- 
count for death. With respect to pathologic lesions in mice the action of vinyl 
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i3(&ts(d-chIoroethyI}ammo)ethyI sulfone resembles that of divinyl sulfone. An 
account of the acute pharmacologic action of this compound in rabbits will be 
given elsewhere (16). 

The pathological effects of the more important of the compounds reported here 
is reported elsewhere (1). 


SUMMARY 

The parenteral toxicity of &is(/S-chloroethyi) sulfide (mustard gas) and certain 
mustard derivatives has been studied in various species. Most derivatives of 
mustard are relatively non-toxic. Those which are toxic are shown to act in a 
different manner from mustard. These data support the hypothesis that mus- 
tard acts either per se or in the form of its first aqueous reaction product, /3-chloro- 
ethyl-ethylene sulfonium chloride. 

We are indebted to Elesa Addis (Karnofsky), Mildred Bevelander, Betty Lou 
Ellis, Vera Hoie, Vera James, Penelope Smith and Lee Summers in the conduct 
of the experiments. 
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It has been demonstrated by Acheson and Moe (1) that the tetra-ethyl- 
ammonium ion blocks the transmission of nerve impulses through autonomic 
ganglia. The autonomic blockade produced by the injection of suitable doses of 
this quaternary ammonium compound in man results in a decrease of arterial 
blood pressure, an increase of blood flow through the extremities, an increase of 
heart rate, a decrease of gastro-intestinal motility and postural hypotension in 
addition to other effects (2-4). While the general effects of this drug on man 
have been reported, exact details of its action and time course of its action have 
not been presented. 

Since the action of the tetra-ethyl-ammonium ion in man has proved to be of 
clinical importance, further investigation of the effects of the drug has been under- 
taken, utilizing the methods developed during the war for the continuous re- 
cording of multiple physiologic variables in man during exposure to centrifugal 
force (5). 

Methods. Eight healthy men between the ages of eighteen and thirty-four years were 
used as subjects. No experiment was carried out less than one and a half hours after a 
meal and studies were conducted in a room the temperature of which was maintained be- 
tween 77° and 79° F. With the subject supine continuous and simultaneous photographic 
recordings were made of the arterial blood pressure, venous pressure, heart rate, electro- 
cardiogram, respiration, ear opacity pulse, blood content of the ear and intrarectal pres- 
sure In a few subjects plethysmographic measurement of changes in leg volume were 
recorded. 

Pressures were recorded by means of resistance wire, strain gauge manometers ns de- 
scribed by Lambert and Wood (C). Arterial pressure was measured from the right radial 
artery at the wrist. The site of puncture and the manometer (Model P6-15D-250 1 ) were 
adjusted to the level of the third intercostal space at the sternum. The natural frequencies 
of the manometer systems used for recording arterial pressure ranged from 65 to 99 cycles 
per second. 

Venous pressure in the greater saphenous vein at the ankle waB recorded usinga similar 
strain gauge manometer (Model PG-4D-250 1 ). Intrarectal pressure was measured by 
means of an air-filled balloon and catheter inserted 12 cm. above the anal ring. The cathe- 
ter was connected to a strain gauge manometer of suitable sensitivity (Model P6-4D-250). 1 

The electrocardiogram was recorded from chest leads located just below each nipple. 
The electrocardiograph activated an instantaneous recording cardiotachometer(7) so that 


1 Statham Laboratories, Los Angeles, California. 
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a continuous record of the heart rate was obtained. Respiration was recorded by means of 
a basal metabolism mouthpiece containing a thermocouple (8). The ear opacity pulse and 
the blood content of the ear were measured by means of barrier layer photoelectric ear 
plethysmographs (8). Changes in leg volume were recorded by means of a leg plethysmo- 
graph (9). 5 

Records were made during control periods ranging from twenty-two to fifty-four minutes 
before the drug was given. Tetra-ethyl -ammonium chloride (etamon chloride) was then 
injected into the left antecubital vein. Subjects 1, 2 and 3 were given the drug in a single 
dose of from 5.5 to 7.7 mg. per kilogram of body weight injected slowly over a period of from 
one and a half to three and a half minutes. Subjects 4 through 8 were given the drug in five 
equally divided doses. Each dose was injected rapidly-over a period of less than three 
seconds. One or two minutes were allowed to elapse between the first and second dose and 
one minute between subsequent doses. The total dose ranged between 5.7 and 7.7 mg. per 
kilogram of body weight. Recordings of the various physiologic variables were taken 
continuously from these eight subjects for periods of twenty-five to seventy-two minutes 
after the start of the injection of the drug. 

Results. The subjective symptoms experienced after intravenous injection 
of tetra-ethyl-ammonium chloride were similar to those described by Lyons and 
his co-workers (2) . A metallic taste occurring at an average time of nineteen sec- 
onds after the start of the injection was followed by tingling and coldness in the 
extremities eight seconds later. Dryness of the mouth was noted by some while 
loss of visual accommodation and a generalized feeling of lassitude were experi- 
enced by all subjects. When the drug was given in five equally divided doses, 
each injection was followed by the same train of events as followed a single dose, 
though the coldness and tingling were usually less distinct possibly because of 
persistence frotn the previous injections. 

The systolic blood pressure decreased in all subjects, the decrease beginning 
at an average time of forty-six seconds (range twenty to eighty-five seconds) 
after the start of the injection. A transient increase of pressure occurred in two 
subjects immediately after the injection of the drug. If these subjects are ex- 
cluded, the average time until the initial decrease in pressure occurred was 
thirty-seven seconds. Figure 1 illustrates the changes in average systolic pres- 
sure over fifteen second intervals at various periods after the injection of tbedrug. 
The average decrease of pressure below the control values was found to be sta- 
tistically significant (p less than 0.02) for all periods up to twenty-five minutes 
after injection of the drug. A slight average decrease in systolic pressure per- 
sisted for the duration of the approximately forty' minute period in which ob- 
servations were continued. 

The spontaneous variations in blood pressure were somewhat reduced after 
injection of the drug. The average standard deviation of the sy'stolic pressure 
of successive pulse waves over fifteen second intervals during the control periods 
was 2.8 mm. of mercury. One minute after injection of the drug was completed 
the beat-to-beat variations in blood pressure were reduced so that the standard 
deviation was decreased to 1.3 mm. of mercury (table I). 

M 5 D Pictbj ’ l:mosrapl ' ic Ktuctics "' cro made possible through the assistance of 0. L. Slaughter, 
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Table 1 also shows the effect on the systolic pressure of the first two of fivi 
equally divided doses of the drug given over a five minute period. On the aver 



Fiq. 1 

The effect of intravenous injection of tetra-ethyl-ammonium chloride on systolic bio 
pressure in eight normal men. Blood pressure recorded directly from the radial artery 
the wrist. 


TABLE I 

The effect of tdra-ethyl-amrnonium chloride* on the spontaneous variations in systolic He 


pressure measured in millimeters of mercury 


SUBJECT 

CONTROL PERIOD 

1 Ud. AFTER 
i MAX. DOSE 

1 ION. AFTER 
COMPLETION OF 
INJECTION 

IS low. Aim 

COMPLETION OF 
INJECTION 


MB 



Average 

pressure 

Standard 

deviationf 

Average 

pressure 

Stands 

deviati 

4 

129 

1.9 

123 

2.9 

113 

m 

112 

2.0 

5 

144 

4.S 

124 

1.3 

124 


118 

1.9 

7 

120 

2.9 

109 

0.3 

10G 

m 

113 

1.4 

S 

120 

1.5 

99 

1.5 

88 

Mi 

121 

1.4 

Average values 

123 

2.8 

114 

1.5 

10S 

1.3 

116 

s 


* The drug was injected intravenously in five equally divided doses spaced over a per: 
of five minutes. The total dose was 5.7 to 7.7 mg. per kilogram of body weight. 

t Standard deviation of the systolic pressure of successive pulse waves from the aven 
systolic pressure during a fifteen second period. 

age the first two doses of the drug (40 per cent of the total dose) producer 
decrease in systolic pressure amounting to 70 per cent of that produced by 1 
total of five doses. 
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The effect of the drug on diastolic pressure was variable. A decrease in dias- 
tolic pressure of 4 to 14 ram. of mercury occurred in four of the seven subjects 
within the first five minutes after the start of the injection while in three subjects 
increases of 4 to 12 mm. of mercury occurred. Xo relationship was demonstrated 
between the effect on diastolic pressure and the size of the dose. The difference 
between the control values for diastolic pressure and the values during various 
periods after injection of the drug were statistically not significant (p values 
exceeded 0.13 in all instances). 




| , J' » A ^ 

7'r.E 

jjfopi Irl: '-.i s’. 'x'V'-j 


■wuct* \ jYaJ i 

POijV 

Z * j \ , * t 


* , \ 1 

L— v- 


Fig. 2 

The effect of four successive intravenous injections of 90 mg. of tctra-etliyl-ammonium 
chloride on intra-art enai pressure pulse contours recorded from the radial artery in a normal 
man (Body Weight: 5S Ivg.). A. One minute before start of injection. B. One mmute 
after first 90 mg. C. One minute after second 90 mg. D. One minute after third 90 mg. 
E. One minute after fourth 90 mg. Successive doses were separated by one minute in- 
tervals. 


The changes in pulse contour after injection of the drug are illustrated in 
figure 2. The changes in mean blood pressure determined by planimetric meas- 
urement of the pulse waves ranged from a decrease of 20 mm. of mercury to an 
increase m one instance of 3 mm. of mercury. The average decrease of mean 
pressuic during the period from three to five minutes after the start of the in- 
jection was 8 =b 2 .9 3 mm. of mercury. The pulse pressure was decreased in all 
subjects. The average decrease in pulse pressure during the period from three to 
five minutes after injection of the drug was 24 ± 4.1 3 mm. of mercury. 

The heart rate was increased in all subjects after the injection of tetra-etliyl- 
ammonium chloride. This increase in rate began on the average at thirty-seven 
seconds (range twenty to sixty seconds) after the start of the injection. The 
changes in heart rate for the eight subjects are shown in figure 3- The differences 
between the average heart rate during fifteen second intervals in the control 

1 The figure following the ± sign is the standard error of the mean, » = 7. 
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period and during similar periods after the injection of the drug were statistically 
significant (p value less than 0.009) for all periods from two to twenty minutes. 
A slight increase in average heart rate persisted for the duration of the approxi- 
mately forty minute period in which observations were continued after injection 
of the drug. 

The heart rate usually responded in stepwise fashion to divided doses of the 
tctra-ethyl-ammonium salt. However, in subjects 7 and 8 the effect of the drug 
was apparently maximal after the fourth dose since no further increase occurred 



Fic. 3 

The effect of intravenous injection of tetra-ethyl -ammonium chloride on the heart rate 
in eight normal men. 

subsequent to the fifth injection. The spontaneous variations of heart rate from 
beat to beat were markedly diminished after the injection of tetra-ethyl-ammo- 
niurn chloride. The average standard deviation for successive heart beats over 
fifteen second periods before injection of the drug was 3.3 beats per minute. 
One minute after injection of the drug was completed the beat-to-beat variations 
in the heart rate were reduced to such an extent that the average standard de- 
viation was 0.2 beats per minute (table II). 

Table II also shows the effect on the heart rate of the first two of five equally 
divided doses of the drug given over a live minute period. On the average, 
the first two doses of the drug (-10 per cent of the total dose) produced an in- 
crease in heart rate amounting to SI per cent of that produced by the total dose. 
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The drug produced a slight increase in venous pressure, measured in the greater 
saphenous vein at the ankle, in each of four subjects. This increase began on 
the average at thirty seconds (range twenty-five to forty seconds) after the start 
of the injection of tetra-ethyl-ammonium chloride. The average maximal in- 
crease of 2.0 mm . of mercury (range 1 to 3 mm. of mercury) occurred at three 
minutes after the start of the injection. Venous pressure remained slightly 
elevated above control values in all subjects for forty-five minutes after the drug 
was given. After the administration of tetra-ethyl-ammonium chloride, pulsa- 
tions synchronous with the heart beat became discernible in the venous pressure 
in each of the four subjects. 


TABLE II 


The effect of tetra-ethyl-ammonium chloride * on the spontaneous variations in heart rate 

(beats per minute ) 


SUBJECT 

CONTXOL PEEIOD 

1 ION. ATTEB. 
j UXK. DOSE 

1 MTN. ArrES 
COMPLETION OP 
INJECTION 

15 JON. AJTE* 
COMPLETION OP 
INJECTION 

Average 1 
rate I 

Standard j 
deviation!: 

Average 

rate 

Standard 
deviation f 

Average 

rate 

Standard 

deviation! 



4 

60 ] 

4.5 

75 

1.1 

84 

0.1 

74 

1.6 

5 

100 

3.3 

108 

0.2 

116 

0.2 

93 

1.7 

6 

88 

3.2 

128 

0.3 

130 

0.2 

90 

0.3 

7 

72 

3.1 

108 

1.1 

113 

0.2 

97 

1.3 

8 

64 

2.2 

90 

0.5 

97 

0.5 

89 

1.0 

Average values 

77 

3.3 

102 

0.6 

108 

0.2 

89 

1.2 


* The drug was injected intravenously in five equally divided doses spaced over a period 
of five minutes. The total dose was 5.7 to 7.7 mg. per kilogram of body weight. 

t Standard deviation of the rate of a Bingle heart beat from the average rate of the beats 
occurring during a fifteen second period. 

Changes in the volume of the leg were recorded in four subjects. An increase 
in volume beginning at an average time of twenty-eight seconds (range twenty- 
five to thirty seconds) after the start of the injection of the drug occurred in all 
instances. The average increase in leg volume one minute after the fifth dose of 
the drug was 35 cc. (range 20 to 50 cc.). 

Mean intrarectal pressure was not altered by the injection of tetra-ethyl-am- 
monium chloride. In all four subjects in whom intrarectal pressure was recorded, 
irregular contractions of the bowel were abolished at an average time of thirty- 
nine seconds (range twenty to sixty seconds) after the drug was injected. The 
regular waves synchronous with respiration were maintained and in addition 
small pulsations synchronous with the heart beat become more evident; these 
effects persisted for the duration of the experiment (twenty-five to seventy-two 
minutes) in these subjects. 

The intravenous injection of tetra-ethyl-ammonium chloride was followed in 
every instance by an increase in the blood content of the ear. The increase in 
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period and during similar periods after the injection of the drug were statistically 
significant (p value less than 0.009) for all periods from two to twenty minutes. 
A slight increase in average heart rate persisted for the duration of the approxi- 
mately forty minute period in which observations were continued after injection 
of the drug. 

The heart rate usually responded in stepwise fashion to divided doses of the 
tetra-ethyl-ammonium salt. However, in subjects 7 and 8 the effect of the drug 
n as apparently maximal after the fourth dose since no further increase occurred 
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subsequent tot lie fifth injection. The spontaneous variations of heart rate from 
’f at to beat were markedly diminished after the injection of tetra-ethyl-nmmo- 
mum chloride. The average standard deviation for successive heart beats over 
fifteen second periods before injection of the drug was 3.3 beats per minute. 
One minute after injection of the drug was completed the bcat-to-beat variations 
in the heart rate were reduced to such an extent that the average standard de- 
viation was 0.2 heats per minute (table II). 

1 able II also shows the effect on the heart rate of the first two of five equally 
dnided doses of the drug given over a five minute period. On the average, 
the first two dose.-, of the drug (40 per cent of the total dose) produced an in- 
crease m heart late amounting to 81 per cent of that produced bv the total dose. 



tetra-ethyl-ammonium chloride 


15 


The drug produced a slight increase in venous pressure, measured in the greater 
saphenous vein at the ankle, in each of four subjects. This increase began on 
the average at thirty seconds (range twenty-five to forty seconds) after the start 
of the injection of tetra-ethyl-ammonium chloride. The average maximal in- 
crease of 2.0 mm. of mercury (range 1 to 3 mm. of mercury) occurred at three 
minutes after the start of the injection. Venous pressure remained slightly 
elevated above control values in all subjects for forty-five minutes after the drug 
was given. After the administration of tetra-ethyl-ammonium chloride, pulsa- 
tions synchronous with the heart beat became discernible in the venous pressure 
in each of the four subjects. 


TABLE II 


The effect of tetra-ethyl-ammonium chloride * on the spontaneous variations in heart rate 

( beats per minute) 


SUBJECT 

CONTROL PESIOD 

1 ION. ATTE* 

} VAX. DOSE 

1 MIN. AETE* 
COMPLETION OF 
INJECTION 

IS KIN. ATTZR 
! COMPLETION OF 

INJECTION 

' .. . ----- 

Average 

rate 

Standard 
deviation t 

Average 

rale 

Standard 

deviationf 

Average 

rate 

Standard 

deviationf 

Average 

rate 

Standard 

deviationf 

4 


4.5 

75 

1.1 

84 

0.1 

74 

■ 

1.6 

5 


3.3 

108 

0.2 

116 

0.2 

93 

1.7 

6 


1 3.2 

128 

0.3 



90 

0.3 

7 

72 

3.1 

108 

1.1 

113 

0.2 

97 

1.3 

8 

64 


90 

0.5 

97 

0.5 

89 

1.0 

Average values 

77 

3.3 

102 

0.6 

108 

0.2 

89 

1.2 


* The drug was injected intravenously in five equally divided doses spaced over a period 
of five minutes. The total dose was 5.7 to 7.7 mg. per kilogram of body weight. 

t Standard deviation of the rate of a single heart beat from the average rate of the beats 
occurring during a fifteen Becond period. 

Changes in the volume of the leg were recorded in four subjects. An increase 
in volume beginning at an average time of twenty-eight seconds (range twenty- 
five to thirty seconds) after the start of the injection of the drug occurred in all 
instances. The average increase in leg volume one minute after the fifth dose of 
the drug was 35 cc. (range 20 to 50 cc.). 

Mean intrarectal pressure was not altered by the injection of tetra-ethyl-am- 
monium chloride. In all four subjects in whom intrarectal pressure was recorded, 
irregular contractions of the bowel were abolished at an average time of thirty- 
nine seconds (range twenty to sixty seconds) after the drug was injected. The 
regular waves synchronous with respiration were maintained and in addition 
small pulsations synchronous with the heart beat become more evident; these 
effects persisted for the duration of the experiment (twenty-five to seventy-two 
minutes) in these subjects. 

The intravenous injection of tetra-ethyl-ammonium chloride was followed in 
every instance by an increase in the blood content of the ear. The increase in 
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oar volume began on the average at thirty-four seconds (range twenty-five to 
sixty-five seconds) after the start of the injection of the drug. The maximal 
increase occurred at an average time of 147 seconds (range 120 to 180 seconds) 
after the start of the injection in subjects who received a single dose. In sub- 
jects who received the drug in divided doses, the maximal increase in blood con- 
tent of the ear occurred on the average at 205 seconds (range 120 to 240 seconds) 
after the beginning of the injection period, at which time an average of 60 per 
cent (range 40 to 80 per cent) of the total dose had been given. 

Comment. Tetra-ethyl-ammonium chloride, as a consequence of its ability 
to block transmission of impulses through autonomic ganglia, produces marked 
alterations of the physiologic mechanisms which are under autonomic control. 
The application of methods of continuously recording multiple physiologic vari- 
ables is of value in the study of the effects of this drug on man since it greatly 
facilitates the comparison of simultaneous effects of the drug from moment to 
moment on several physiologic mechanisms. 

The release of the peripheral portions of the circulatory system from the 
influence of vasoconstrictor impulses can account for most of the effects on blood 
pressure which have been described. In the supine position maintained through- 
out this study systolic blood pressure was significantly decreased by injection of 
the drug while diastolic pressure was not significantly affected. Acheson and 
Moe (1) explained these changes on the basis of a decrease of peripheral resistance. 
Peripheral vasodilatation and increased blood flow (3) afford adequate explanation 
for the increase of leg and ear volume which was found in the present study. 
The slight increase of venous pressure in the saphenous vein at the ankle and the 
appearance of pulse waves in the venous pressure recordings are additional 
indications of the presence of a wide-open peripheral vascular bed after injection 
of the drug. 

In confirmation of the results of others the heart rate was found to be increased 
in every instance after injection of the drug. This alteration of heart rate has 
been attributed to blockade of the inhibitory pathways, which in man predomi- 
nate over the accelerator influences. The marked reduction of the normal spon- 
taneous variations of heart rate from beat to beat after injection of tetra-ethyl- 
ammonium chloride is an additional consequence of this blockade of the normally 
present sympathetic and vagus influence on the rate of the heart. The maximal 
effects on the rate and spontaneous variations of the heart beat often occurred 
before the full dose of the drug had been administered although blood pressure 
was further decreased by completion of the injection. This suggests that a larger 
amount of the drug was required to block sympathetic vasoconstrictor impulses 
effectively than to block parasympathetic cardio-inbibitory impulses. 

The abolition of the slow variations of intrarectal pressure is confirmatory 
evidence of a decrease of gastro-intestinal motility as has been reported by 
others (4). This effect occurred promptly and often completely with amounts of 
tetra-ethyl-ammonium chloride as small as 100 mg. administered intravenously. 
The effect of the drug on the motility of the rectum persisted much longer than 
the effect on the cardiovascular system. Loss of accommodation with its result- 
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ing visual disturbances was one of the most annoying side effects of this drug. 
This effect likewise persisted for a longer period than the effects on the circula- 
tory system. 

The local effects of the drug on a nerve trunk were demonstrated accidentally 
when a small portion of a dose was inadvertently injected into the antecubital 
space in one subject. A marked flexor spasm of the homolateral fingers, hand 
and wrist associated with fasciculation of the muscles at the base of the thumb 
occurred and persisted for four hours. Altered sensation in the hand persisted 
for eighteen hours. Similar experiences have been reported by Lyons and as- 
sociates (2). No other persistent ill effects from the injection of tetra-ethyl-am- 
monium chloride were encountered in the present studies. 

SUMMARY 

By the application of methods of continuously recording several physiologic 
variables it has been demonstrated that the intravenous injection of 5.5 to 7.7 
mg. of tetra-ethyl-ammonium chloride (etamon) per kilogram of body weight in 
man is followed by a decrease of the intra-arterial systolic blood pressure, an 
increase of the heart rate, an increase of volume of the leg and ear and a decrease 
of gastro-intestinal motility. These changes occurred within a period of thirty- 
nine seconds after the start of the injection of the drug. The effects on the mo- 
tility of the rectum continued as long as seventy-two minutes after the drug was 
given while the effects on blood pressure and heart rate were more transient. 
In this series of eight subjects, the average reductions of arterial pressure and 
increases of heart rate over fifteen second intervals were statistically significant 
for a period of twenty to twenty -five minutes after injection of the drug. Slight 
average decreases in systolic pressure and increases in heart rate persisted for 
periods of longer than forty minutes after injection of the drug. 
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It has been reported by Kaplan (1) and by King and Sullivan (2, 3) that the 
use of a suspension of podophyllin in oil is an effective method for the treatment 
of condylomata acuminata. Some of the primary cytological changes produced 
by podophyllin, as described by the latter investigators, were alteration in mito- 
sis, principally of the metaphase; pycnosis, spongy swelling and cytoplasmic vacu- 
olization. Since some of the cellular changes following the administration of 
podophyllin strongly resemble those produced by colchicine, and inasmuch as 
colchicine has for many years been known to affect mitosis of normal and malig- 
nant cells, it was considered of interest to test the action of podophyllin on trans- 
planted mouse tumors. 

/ 

Podophyllin (U.S.P.X.) dispersed in sesame oil was given subcutaneously in dose of 20 
mgm. per kgm. to twelve Swiss albino mice carrying fifteen day old implants of sarcoma 180. 
Injections were made every three or four days for a period of two weeks on the side opposite 
the tumor. Pour such injections were made in this group. A similar group of mice served 
as controls and were given equivalent amounts of sesame oil alone. On every third day the 
three diameters of the tumors were measured by means of calipers, and the mean of these 
diameters was used to calculate tumor volume, on the assumption that the tumors were 
spherical. Two measurements were taken before treatment with podophyllin was begun. 

In figure 1, the rate of growth of the tumors in the two groups is shown.. The 
controls grew typically, but the tumors in the mice receiving podophyllin ex- 
hibited a prompt decrease in growth rate. At the end of two weeks, when the 
experiment was terminated, the average volume of the treated tumors was ap- 
proximately one seventh that of the controls. 

In another experiment similarly conducted, the effect of podophyllin was tested 
on a mammary adenocarcinoma. This tumor arose spontaneously in a female 
CjH mouse in these laboratories and had been carried in transplant for almost 
three years in this strain. As shown in figure 2, the terminal volumes of the 12 
podophyllin treated mammary tumors was approximately two thirds that of the 
12 controls. Because of the toxic effects of the podophyllin, the mice in this 
experiment received but 3 injections of the drug. 

For both kinds of tumors used in these experiments, the most prominent and 
consistent histologic finding following podophyllin administration was extensive 

1 Presented at the Thirty-first Annual Meeting of the American Society for Pharma- 
cology and Experimental Therapeutics, Chicago, May 20, 1947. 

Abstract in Federation Proceedings, Vol. 6, p. 308, March 1947. 

’Present address: National Cancer Institute, Bethesda, Maryland. 

* This work was supported in part by a grant from the S. C. Division of the American 
Cancer Society. 
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necrosis In figure 3 a typical case of this phenomenon is shown, as found in 
sarcoma 180, and, in figure 5, as found in the mammary adenocarcmoma. For 
comparison, microscopic sections of control tumors of sarcoma 180 and of the 
mammary adenocarcinoma are shown in figures 4 and 6, respectively. 



Hemorrhage w as not a constant featuie in eithei type of tumor but was en- 
countered occasionally and varied in degree from moderate to severe To the 
extent to which it was observed, it was more frequent m the mammary adeno- 
carcinoma than m the sarcoma 

Cytologically, hydropic degeneration and vacuolization of the cytoplasm were 
more pronounced m sarcoma ISO than in the mammaiy tumoi Characteristic 
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nuclear alterations found in both types of tumor were diminution in number of 
mitoses, and abundant pycnosis and karyorrhexis. Arrest of mitosis, before or 
at tlie metaphase, was a frequently observed phenomenon in both tumors and re- 
sembled the effect of colchicine in this regard. 

Administration of podophyllin produced some toxicity. In 3 to 4 hours the 
mice showed varying degrees of malaise, and in 8 to 10 hours the majority had 
diarrhea. It was difficult to decide from these observations whether the diarrhea 
was due entirely to systemic absorption or in part due to the fact that the mice 



Fio. 6. Tr insplan'ted Mammary Adenocarcinoma in CjH Strain. Control. 
Magnification* X 300 


licked the oil, a small amount of which occasionally leaked out through the injec- 
tion site. In this connection, however, it is of interest that in experiments by 
Vichovcr and Mack (4) in which 20 mgm. of amorphous podophyllotoxin, one of 
the constituents of podophyllin, was given subcutaneously to dogs, intestinal 
evacuation was reported after 7 hours. 

For about 24 hours following administration of podophyllin, the mice remained 
relatively quiet, and it was observed that during this period their food consump- 
tion was below normal. Since it has been shown by BisehofT and Long (5) and 
by Tnnnenbaum (0), that food restriction by itself will, under certain conditions, 
cause a retardation of tumor incidence and growth, the possible effect of such 
restriction must be considered. 

To secure some evidence bearing on this point, twelve Swiss mice carrying im- 
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plants of sarcoma 180 were given food (dog chow) ad libitum for a number of days 
and the amount consumed every 24 hours was measured. The chow was then 
restricted to 60 percent of their measured daily consumption, and the mice were 
maintained on this restricted diet for two weeks. Unlimited water was available 
at all times. The tumors were measured every three days as previously de- 
scribed. A reduction in terminal volume of about 30 percent resulted in these 
tumors when compared with the terminal volumes of the sarcoma 180 controls 
shown in figure 1. 



mm. 


kM A . 




Fig. 7. Sarcoma ISO after Two Weeks on Restricted Food Intake. ’ 
Magnification X300 

The purpose of this approach was to ascertain the effect of a restriction in food 
intake on the growth rate of sarcoma ISO. The 40 percent reduction in food was 
a relatively severe one; also the restriction was maintained continuously through- 
out the experimental period. The podopliyllin treated mice, on the other hand, 
exhibited a temporary, intermittent curtailment of food intake; but no data were 
available bearing on the possible effect of this degree and type of food restriction 
on the growth of tumors. However, the experience of investigators in this field 
affords the opinion that such occasional reduction in food consumption, as shown 
by the mice in these experiments, would have a negligible effect on tumors 
already established and actively growing (7). 

This opinion is borne out by the fact that at the termination of the experiment, 
the microscopic appearance of the tumors growing under the above conditions of 
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food restriction was that of typical sarcoma 180 (figure 7) indicating that any 
curtailment of food intake experienced by the podophyllin treated mice did not 
contribute to the induced cellular and tissue changes described above. Areas of 
necrosis were found, but these were spontaneous in origin and are to be expected 
in transplanted tumors of this age (3 weeks). 

It was found by King and Sullivan (1) that in normal rabbit skin the cytological 
effects following a single application of podophyllin were transitory, with restora- 
tion of essentially normal epidermis in 4 to 6 days. To determine whether tumor 
cells responded in analogous fashion to this drug, an experiment was performed in 
which a single injection of podophjdlin in sesame oil, in a dose of 20 mgm. per 
kgm., was given subcutaneously to Swiss mice carrying implants of sarcoma 180. 
Pairs of podophyllin treated mice, with pairs of untreated controls, were then 
sacrificed at intervals of 12, 24, 48, 72 and 96 hours. The nuclear and cytoplas- 
mic changes following treatment with podophyllin as described above were most 
apparent 12 to 24 hours after administration of the drug; with diminution of effect 
already evident bj r 48 hours. The amount of early acute necrosis present, even 
after 12 hours, was impressive. 

In a number of the histologic sections of tumors from the experiments with re- 
peated doses there were observed areas of old and fresh induced necrosis, indicat- 
ing tliat the specific podophyllin effect was exerted following each administration 
of the drug. Also, the extent of the necrosis in animals following several injec- 
tions was much greater than in animals receiving one or two injections. In the 
case of the former, there were some instances of confluent necrotic areas in various 
states of necrosis. 

The reported resistance (2) to repeated application of podophyllin which ap- 
pears to become established in normal rabbit skin apparently does not take place 
in the case of the tumors studied. 

In the present experiments, administration of podophyllin had to be made at 
intervals of three to four clays because of the toxic effects encountered when the 
drug was given more frequently. It may be possible that greater and more sus- 
tained tumor necrotizing effects may be produced following the use, individually 
or in combination, of the various components known to be present in podophjdlin. 

SUMMARY 

1. Podophjdlin dispersed in sesame oil, given subcutaneously in doses of 20 
mgm. per kgm. to mice bearing implants of sarcoma 180 ora mammarj' adenocar- 
cinoma, produced retardation of tumor growth. The terminal volume of the 
sarcoma was about one-seventh and that of the carcinoma about two-thirds of 
their respective controls. 

2. Extensive induced necrosis was the most prominent histologic finding for 
both types of tumors. 

3. Characteristic nuclear changes found in both kinds of tumors were diminu- 
tion in mitoses, pj-cnosis, and karvoirhexis. Arrest of mitosis, lief ore the meta- 
pliaso, was also found in both tj - pes, and resembled colchicine effects. 
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4. Hydropic degeneration and vacuolization of the cytoplasm was more evident 
in sarcoma 180. 

5. Kesistance to repeated administration does not appear to develop, judged 
by the appearance of the tumors after several injections of the drug. 

Dr. W. M. Cannon, Department of Pathology, Medical College of the State of 
South Carolina, assisted in the interpretation of the microscopic material and this 
cooperation is gratefully acknowledged. 
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Introduction. Although insect pests and insect-borne diseases have plagued 
man through the ages, intensified research in the field of insect repellents is a rela- 
tively recent undertaking. Prior to World War II the most commonly used 
repellents were relatively ineffective substances such as citronella, oil of cloves, 
cinnamon, lemon, peppermint, camphor, pennyroyal and a few synthetic organic 
compounds such as terpinyl acetate, salicylic acid esters and ethylene glycol. 

In 1940 Granett (1, 2) as a result of his entomological tests on more than one 
thousand chemical compounds or mixtures thereof listed nine conditions which 
an ideal insect repellent should satisfy. As a result of these researches, Granett 
found a mixture, which he called “Sta-Way,” to meet most of the conditions 
listed. The only reference to irritation and toxicity stipulated in Granett’s list of 
conditions for an ideal repellent is “It must be non-irritating to the skin and harm- 
less when breathed or accidentally swallowed.” The possibility of the percuta- 
neous absorption of the repellent or of irritation following repeated daily use over 
a period of time was not considered. The effect of repeated application proved 
Sta-Way to be an undesirable repellent. Repellents which may be well tolerated 
following a few applications may, as reported by Hoehn (3), become severely 
damaging following continued liberal use. Because of the inherent dangers from 
the use of repellents, the Surgeon General of the U. S. Army asked the U. S. Pub- 
lic Health Service and the Food and Drug Administration to conduct tests on 
proposed insect repellent candidates in order to establish their safety for use by 
the military personnel. 

Method. A. General Remarks. Approximately 1000 compounds, prepared by various 
universities and chemical concerns, were submitted during the war program to the Food 
and Drug Administration for toxicological testing. Most of the compounds were organic 
chemicals; however, a few mixtures also were submitted. Ten thousand rabbits were used 
to determine the primary irritation and skin toxicity of these insect repellent candidates. 


1 A portion of the funds used in this investigation was supplied by a transfer recom- 
mended by the Office of Scientific Research and Development and the War Department to 
the Division of Pharmacology of the Food and Drug Administration. 
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The toxicological technics employed were described by Draize et al (4) . During the course 
of these studies many compounds did not survive the initial screening procedures because 
of excessive skin irritation or because of systemic toxicity following initial exposure. Many 
of the compounds which passed the ‘‘screening for irritation” tests were eliminated in acute 
and 3-week subacute skin toxicity testing. In the final group surviving the initial tests 
there remained 42 compounds or mixtures which were studied intensively. Ninety-day 
subacute toxicity tests were employed whereby a series of rabbits were inuncted daily with 
the insect repellent at varying dosage levels on a weight basiB. 

B. Remarks on Acute Oral Toxicity. As will be observed in the table, the acute 
oral LD 50’s for 39 of the 42 compounds were determined on from one to five 
species of animals for each compound. Except where noted otherwise, the mate- 
rials were given undiluted. The rats, guinea pigs, and chicks were routinely 
fasted for 18 hours prior to administering the chemical, while the mice and rabbits 
were not fasted. The animals were observed for six days following dosage, and 
deaths occurring in that period were recorded. The materials were given in 
graded doses to groups of ten animals each so that dosage-mortality curves could 
be constructed. The LD 50’s were then estimated from these curves. 

C. Remarks on Pathological Examinations. The portion of the table dealing 
with the pathological examination is based on material from 441 rabbits started 
on 90-day subacute inunction experiments only. Rabbits from other types of 
studies of these compounds are not included. About 7000 individual pieces of 
tissue were examined. It is obvious that the results must be given in a highly con- 
densed form to allow inclusion in the table. 

The lesions listed in the table are those which were present in a number or de- 
gree beyond the so-called spontaneous lesions seen in control animals. Where a 
gradation of a lesion is given (e.g., from moderate to slight) it means that the 
more marked lesions were seen at the higher dosage levels, and ■vice versa. 

Changes resulting from inanition (atrophy of spleen, liver, fat, etc.) have usu- 
ally not been listed, but “inanition” listed instead. It has often been difficult to 
allocate atrophy of the testis between inanition and the agent inuncted, but where 
atrophy of the testis is mentioned, it is thought to be in major part a direct toxic 
effect of the agent used. 

Rabbits dying during the first 72 hours of the experimental period were usually 
not sent to the pathological laboratory. The same was true for some rabbits 
dying on week ends and showing extensive autolysis when found. With few' ex- 
ceptions the remaining animals were examined grossly and microscopically. 

Non-surviving rabbits, and survivors on the higher dosage levels, routinely had 
hematoxylin-eosin stained paraffin sections of formalin-fixed tissue made from 
heart, liver, gall bladder, spleen, pancreas, mesenteric lymph nodes, kidney', adre- 
nal, thyroid, testis (or uterus and ovary), bone marrow, thigh muscle, skin, and 
four levels of brain. In addition, frozen sections of liver and kidney were stained 
for fat with an oil-soluble red dye, and a Giemsa-stained smear of bone marrow 
was made. Parathyroid was generally' sectioned incidentally with the thyroid. 
Other structures were sectioned when indicated by gross examination; these were 
most frequently gastrointestinal tract and lung. Bouin and Zenker fixations 
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were occasionaUy used. Routine sections for surviving animals on the lower 
dosage levels included heart, liver, gall bladder, kidney, testis (or uterus and 
ovary), bone marrow (plus smear) and skin; other structures were sectioned as in- 
dicated by gross examination or by the findings in the previous category of ani- 
mals. 

Discussion. The toxicological testing of insect repellents for their local and 
systemic effects was undertaken for the armed services in the recent war program. 
The requirements and conditions of use for insect repellents by military personnel 
differ from those for use by the civilian population. The military personnel is 
composed mainly of young adults under close medical supervision, whereas poten- 
tial civilian users would include the very young, the aged, and the infirm. The 
repellents classified “deemed safe for recommended use” in the table were ad- 
judged safe for military personnel under the conditions of use required in their op- 
erations. Among the numerous requirements for military personnel was the use 
of the repellent under tropical conditions, that is, heavy perspiration, and appli- 
cation to large areas of the body surface. Under such conditions it was calculated 
that the individual might have to use daily applications of approximately 0.25 
ml ./kg. Therefore, these requirements stipulated for military use are more 
rigorous than might be obtained in a temperate climate such as that of the con- 
tinental United States. 

The primary consideration in the physiological effects of insect repellents is the 
toxicity and irritation following skin application or the wearing of repellent- 
impregnated clothing. Since there is the danger of accidental swallowing, acute 
oral LD 50 figures are included in the table. Comparison of LD 50 figures for 
acute oral administration and acute topical skin application indicates no direct 
relationship in toxicity by these two routes of administration. Systemic effects 
resulting from topical skin administration depend not only on the inherent toxic- 
ity of the preparation but also on the ease of absorption of the material by the 
skin. 

Chemical structure and potential skin absorption may not be correlated since 
compounds closely related in chemical structure often exhibit widely different 
orders of absorbency by the skin. However, in the measure of primary skin irri- 
tation, compounds with similar structure sometime exhibit similar degrees of 
irritancy. Free acids, amines, aldehydes and ketones, especially those with 
low er molecular weights, have generally been severely irritating. A number of 
exceptions, however, were encountered. Such exceptions were sufficiently nu- 
merous so that potential skin irritation may not be predicted solely on a basis of 
chemical structure. 

In the course of the toxicological investigations, it became apparent that the 
longer subacute experiments, involving daily- application to the skin of relatively 
small doses over a period of 90 days, were indispensable for the proper toxicologi- 
cal appraisal of a preparation. Compounds which may be tolerated well by 
acute (single) or by multiple application for a relatively short period of time may 
become severely damaging if daily applications are continued for a 90-day period. 

In preparations containing a number of components it is necessary to test the 
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completed formulation, since the resultant toxicity of the latter may be greater 
than the combined toxicity of the component parts, that is, the resulting toxicity 
may exhibit potentiation rather than simple addition. 

In the final toxicological appraisal of a preparation, the following data in addi- 
tion to LD 50 and the percutaneous toxicity and irritation are considered — (a) 
toxicity by other routes of administration; (b) histopathology of all 90-day ani- 
mals, including those severely poisoned, but surviving four or more days of treat- 
ment; (c) hematology ; (d) chemical studies on blood and urine, and (e) distribu- 
tion of compound in tissues (whenever analytical procedures permit)'. These 
data aie utilized for an evaluation of the extent of injury, and for an estimation 
of its likelihood of repair. After allowances are made for animal species differ- 
ences and for a margin of safety, a final conclusion as to the safety of frequent 
application by man of a given repellent may be rendered. 

conclusion 

Extensive data on skin and oral toxicology, histopathology, hematology and 
clinical chemistry of blood and mine ate summarized for animals treated with 
each of the 42 insect repellents. Conclusions were drawn as to their safety for 
use by military personnel. Eighteen of these preparations were deemed safe for 
use whereas 24 did not pass the rigorous testing procedure and appraisal. 
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LOCUS OF THE ADRENERGIC BLOCKING ACTION 
OF DIBENAMINE 1 

MARK NICKERSON and GEORGE M. NOMAGGCEI 
DeparlmenCof Pharmacology, University of Utah School of Medicine, Salt Lake City, Utah 

. Received for publication December 16, 1947 

The recent demonstration of the high potency and specificity of the adrenergic 
blocking action of N,N-dibenzyl-d-chloroethyl amine (Dibenamine) (1, 2) 
raises the question of its locus and mode of action. Data presented previously 

(2) have ruled out any major effect on autonomic ganglia or postganglionic 
neurones or on the release, alteration or destruction of epinephrine and sympa- 
thin. Figure 1 illustrates most of these points. Here the nicotinic reaction to 
carbachol in an atropinized cat treated with Dibenamine illustrates the normal 
reactivity of the sympathetic ganglia and adrenal medulla. Although the 
pressor effect of the sympatho-adrenal discharge is reversed by Dibenamine, 
the vascular response persists for almost exactly the same period of time as 
before, indicating a comparable course of release and destruction of epinephrine 
and sympathin. The same conclusion is suggested by. the fact that Diben- 
amine does not markedly alter the sinus tachycardia induced by epinephrine 

(3) or circulating sympathin. In vitro experiments were also reported as evidence 
for the absence of any direct interaction between epinephrine and Dibenamine. 
The liberation of sympathin E after treatment with Dibenamine was shown by 
the delayed tachycardia which occurs in adrenalectomized animals after stimula- 
tion of the peripheral end of the severed splanchnic nerves. 

The above data indicate that the blocking action of Dibenamine is exerted 
directly upon effector cells (vascular smooth muscle in the cases considered). 
This action could conceivably be exerted by preventing the penetration of 
sympathomimetic agents to their site of action, by blocking or destroying some 
receptor substance or mechanism necessary for excitation by these agents, or 
by attacking the contractile mechanism itself. The experiments presented 
below were undertaken to distinguish between these possibilities. 

Effect on Permeability. The suggestion that adrenergic blocking agents may 
act by altering the permeability of effector cells to epinephrine has been made 
in connection with 933F, yohimbine and other agents (4). The primary con- 
sideration in this interpretation is that the agents in question much more readily 
block responses to circulating epinephrine than those to sympathetic nerve 
stimulation. It is assumed that the chemical mediator is released within the 
effector cells in the latter case. 

Dibenamine also blocks the effects of circulating epinephrine more readily 
than the effects of sympathetic nerve stimulation, as shown in figure 2. Here the 

•This investigation was aided by a grant from Givaudan-Delawanna, Inc. The Di- 
benamine used in these experiments was kindly supplied by Dr. William Gump of this 
company. 
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Fig. 1. Blood Pressure Responses to the Intravenous Administration op 150 
rGM./kgm. of Carbachol in Atropinized Cats Under 
Pentobarbital Anesthesia 

A. Upper record before and loner record after the intravenous administration of 15 
mgm./kgm. of Dibenamine. Injection of carbachol indicated by arrow. Time in minutes. 
Ordinate, mm. Hg. 

B. The same procedures as in A after bilateral adrenalectomy. 
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Fig. 2 

?l°°d pressure response of cat under urethane anesthesia to electrical stimulation of the 
cnc t a ? cvere d right splanchnic nerves after incomplete adrenergic block 

with Dibenamine. Period of stimulation indicated by upward deflection of signal line. 
Dme m minutes. Ordinate, mm. Hg. 
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i mm ediate effect of splanchnic nerve stimulation is unaltered although the later 
action of endogenously released epinephrine is reversed. Figure IB illustrates 
that large doses of Dibenamine are capable of reversing the bood pressure re- 
sponse to generalized sympathethic nerve stimulation even in the absence of the 
adrenals. However, both excitatory and inhibitory reactions to sympathin are 
involved in this response, and because only the algebraic sum of the effects can 
be recorded, an accurate analysis is impossible. 

The nictitating membrane of the cat is a more favorable structure upon which 
to study the quantitative aspects of Dibenamine action. The smooth muscle 
of this organ is innervated entirely by sympathetic fibers and responds to sym- 
pathetic stimulation only by contraction. In addition, only a fraction of the 
smooth muscle fibers are directly innervated (4, 5) and consequently it is pos- 
sible to study the effects of Dibenamine both upon directly innervated smooth 
muscle fibers and upon non-innervated fibers which receive sympathin by dif- 
fusion from adjacent cells. Dibenamine markedly reduces, but frequently 
does not completely abolish, the response of the nictitating membrane to cervical 
sympathetic stimulation (2), and consequently it is possible to analyze the 
quantitative aspects of this blocking action. 

Responses of the nictitating membrane to electrical stimulation of the homolat- 
eral cervical sympathetic nerve before and after treatment with Dibenamine 
were studied in cats under urethane or pentobarbital anesthesia. No significant 
difference in results with the two types of anesthesia was noted, except that 
fewer eye-ball movements occurred when urethane was employed and con- 
sequently smoother and somewhat more accurate baselines were obtained. 
Shielded platinum electrodes were applied to the homolateral cervical sym- 
pathetic nerve which was severed proximal to the electrodes. Intermittent, 
rectilinear pulses of 0.5 millisecond duration and of variable intensity' and 
frequency were employed, using an electronic stimulator whose output current 
is largely independent of the resistance in the external circuit. In a few experi- 
ments, stimuli were applied to the postganglionic fibers but inasmuch as this 
procedure gave results comparable to preganglionic stimulation, the latter was 
selected for routine use because it is simpler and permits more reproducible plac- 
ing of the electrodes. Contractions of the nictitating membrane were recorded 
on a smoked drum by a frontal writing lever which amplified the response seven- 
fold. In all cases, the data are recorded as millimeters movement of the writing 
lever. Contraction of the nictitating membrane was induced by 5-second 
periods of stimulation at a rate of 20 pulses/second with gradually increasing 
intensity. The smallest current which gave the maximal response under these 
conditions was employed for studies of the effects of various rates and durations 
of stimulation. 

If Dibenamine were acting to decrease the permeability of effector cells to 
sympathomimetic amines it should block the contraction of those cells which 
are excited by sympathin diffusing from the outside, but not the contraction of 
directly innervated cells. Therefore, it should inhibit a definite percentage of 
the maximum response. The extent of this block would be quantitatively 
dependent upon the ratio of innervated to non-innervated cells. 
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Figure 3 shows the distribution of percentages of the maximum control re- 
sponse to cervical sympathetic stimulation remaining after treatment with 40 
mgm./kgm. Dibenamine. Only records from animals -which remained in good 
condition during the entire experiment (as indicated by a mean carotid blood 
pressure greater than 70 mm. Hg) are included. It is clear from the data pre- 
sented that there is no constant reduction in the response. Results with equal 
doses of the inactive alcohol derivative of Dibenamine (dibenzyl-ethanol amine) 
and with doses of pentobarbital which reduced the arterial pressure to 60 mm. 
Hg or less are included to demonstrate that the observed reduction in response 
is due to the specific adrenergic blocking activity of Dibenamine. 



Fio. 3 

Distribution of the degree of reduction of tbe maximum nictitating membrane response 
to cervical sympathetic nerve stimulation in a group of 38 animals treated with Dibenamine 
(tO mgm./kgm.) or with control substances. 

Sixteen animals were tested after two different dose levels of Dibenamine. 
In this group, the average residual response was 38% after 20 mgm./kgm. and 
20% after a total of 40 mgm./kgm. Dibenamine, indicating a progressive reduc- 
tion in response. Inasmuch as 20 mgm./kgm. Dibenamine completely blocks 
the nictitating membrane response to circulating epinephrine (see below), the 
further reduction in response after a total of 40 mgm./kgm. weighs against the 
possibility that Dibenamine acts only by preventing penetration of the effector 
cells by sympathomimetic agents. 

Additional information was obtained from a study of the relative effectiveness 
of Dibenamine in blocking contraction of the nictitating membrane induced by 
various frequencies and durations of cervical sympathetic stimulation. The 
release of small amounts of sympathin (short duration or low frequency of stimu- 
lation) should provide a relatively greater stimulus to directly innervated ns 
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immediate effect of splanchnic nerve stimulation is unaltered although the later 
action of endogenously released epinephrine is reversed. Figure IB illustrates 
that large doses of Dibenamine are capable of reversing the bood pressure re- 
sponse to generalized sympathetic nerve stimulation even in the absence of the 
adrenals. However, both excitatory and inhibitory reactions to sympathin arc 
involved in this response, and because only the algebraic sum of the effects can 
be recorded, an accurate analysis is impossible. 

The nictitating membrane of the cat is a more favorable structure upon which 
to study the quantitative aspects of Dibenamine action. The smooth muscle 
of this organ is innervated entirely by sympathetic fibers and responds to sym- 
pathetic stimulation only by contraction. In addition, only a fraction of the 
smooth muscle fibers are directly innervated (4, 5) and consequently it is pos- 
sible to study the effects of Dibenamine both upon directly innervated smooth 
muscle fibers and upon non-innervated fibers which receive sympathin by dif- 
fusion from adjacent cells. Dibenamine markedly reduces, but frequently 
does not completely abolish, the response of the nictitating membrane to cervical 
sympathetic stimulation (2), and consequently it is possible to analyze the 
quantitative aspects of this blocking action. 

Responses of the nictitating membrane to electrical stimulation of the homolat- 
eral cervical sympathetic nerve before and after treatment with Dibenamine 
were studied in cats under urethane or pentobarbital anesthesia. Xo significant 
difference in results with the two types of anesthesia was noted, except that 
fewer eye-ball movements occurred when urethane was employed and con- 
sequently smoother and somewhat more accurate baselines were obtained. 
Shielded platinum electrodes were applied to the homolateral cervical sym- 
pathetic nerve which was severed proximal to the electrodes. Intermittent, 
rectilinear pulses of 0.5 millisecond duration and of variable intensity and 
frequency were employed, using an electronic stimulator whose output current 
is largely independent of the resistance in the external circuit. In a few experi- 
ments, stimuli were applied to the postganglionic fibers but inasmuch as this 
procedure gave results comparable to preganglionic stimulation, the latter was 
selected for routine use because it is simpler and permits more reproducible plac- 
ing of the electrodes. Contractions of the nictitating membrane were recorded 
on a smoked drum by a frontal writing lever which amplified the response seven- 
fold. In all cases, the data are recorded as millimeters movement of the writing 
lever. Contraction of the nictitating membrane was induced by 5-second 
periods of stimulation at a rate of 20 pulses/second with gradually increasing 
intensity. The smallest current which gave the maximal response under these 
conditions was employed for studies of the effects of various rates and durations 
of stimulation. 

If Dibenamine were acting to decrease the permeability of effector cells to 
sympathomimetic amines it should block the contraction of those cells which 
are excited by sympathin diffusing from the outside, but not the contraction of 
directly innervated cells. Therefore, it should inhibit a definite percentage of 
the maximum response. The extent of this block would be quantitatively 
dependent upon the ratio of innervated to non-innervated cells. 
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Figure 3 shows the distribution of percentages of the maximum control re- 
sponse to cervical sympathetic stimulation remaining after treatment with 40 
mgm./kgm. Dibenamine. Only records from animals which remained in good 
condition during the entire experiment (as indicated by a mean carotid blood 
pressure greater than 70 mm. Hg) are included. It is clear from the data pre- 
sented that there is no constant reduction in the response. Results with equal 
doses of the inactive alcohol derivative of Dibenamine (dibenz 3 d-ethanol amine) 
and with doses of pentobarbital which reduced the arterial pressure to 60 mm. 
Hg or less are included to demonstrate that the observed reduction in response 
js due to the specific adrenergic blocking activity of Dibenamine. 



Fig. 3 

Distribution of the degree of reduction of the maximum nictitating membrane response 
to cervical sympathetic nerve stimulation in a group of 38 animals treated with Dibenamine 
(40 mgm./kgm.) or with control substances. 

Sixteen animals were tested after two different dose levels of Dibenamine. 
In this group, the average residual response was 38% after 20 mgm./kgm. and 
20% after a total of 40 mgm./kgm. Dibenamine, indicating a progressive reduc- 
tion in response. Inasmuch as 20 mgm./kgm. Dibenamine completely blocks 
the nictitating membrane response to circulating epinephrine (see below), the 
further reduction in response after a total of 40 mgm./kgm. weighs against the 
possibility that Dibenamine acts only by preventing penetration of the effector 
cells by sympathomimetic agents. 

Additional information was obtained from a study of the relative effectiveness 
of Dibenamine in blocking contraction of the nictitating membrane induced by 
various frequencies and durations of cervical sympathetic stimulation. The 
release of small amounts of svmpathin (short duration or low frequency of stimu- 
lation) should provide a relatively greater stimulus to directly innervated as 



44 


MARK NICKERSON AND GEORGE M. NOMAGUCHI 


compared to non-innervated cells, since the latter receive sympathin by diffusion 
only after a concentration gradient has been established by the accumulation of 
mediator in innervated cells. Nerve stimulation adequate to produce a maximal 
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Fig. 4. A Series of Records Siiowi.no the Response of the Nictitating Mesirrane 
, to Various Periods of Maximal Sympathetic Nerve Stimulation 

A. Control. 

B. 45 minutes after intravenous injection of 20 mgm./kgm. of Dibenamine. 

C. 45 minutes after an additional 20 ragm./kgm. of Dibenamine. 

Lowest row of figures indicates duration of stimulus in seconds. 

Upper two rowsof figures give per cent of control response to the same stimulus. Stimuli 
at 3 minute intervals. Time in minutes. 

response activates all contractile cells. A blocking agent acting by altering 
permeability would therefore be expected to inhibit a larger percentage of the 
response to maximal stimulation than of that to stimulation of short duration or 
low frequency. 

The exact opposite of this situation was found to occur after Dibenamine 
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block. The response to a short (1.0 sec.) stimulus was reduced more than that 
to a long (10 sec.) stimulus with the same characteristics (20 pulses/sec. and maxi- 
mal intensity). The average residual response was 15% for the short and 29% 
for the long stimuli. This difference is statistically significant. The percent- 
age residual response to the two types of stimulation for each of 11 animals was 
treated as a ratio, which should have been equal to one if the responses to the 
two periods of stimulation were equally reduced. The mean of these ratios 
proved to be 0.49 ± 0.062. Since responses to stimulation are reproducible to 
Jess than ±5% by the technic employed, this value differs from unity by 6.5 
times the standard error of the difference and is therefore highly significant. 



Fio. 6 

Response of nictitating membrane to 10-second periods of maximal stimulation (indi- 
cated by white bar) of the cervical sympathetic nerve as recorded on a fast moving paper. 
Upper curve shows control response, middle curve shows response 45 min. after intravenous 
administration of 20 mgm./kcm. Diocnamine and lower curve shows response 45 min. after 
an additional 20 mgm./kgm, Dibenamine. Time in 2-second intervals. 

Figure 4 illustrates the type of records obtained in these experiments. The 
same effect is seen in figure 5 which shows responses to 10-second periods of 
stimulation recorded on a faster moving paper. It will be noted that after 
Dibenamine the latent period of the contraction is much increased and contrac- 
tion during the first second of stimulation is particularly reduced. 

In figure C are plotted the results of a similar experiment in which the durat ion 
and intensity of stimulation remained constant and the frequency was varied 
between 0.5 and 120/second. After Dibenamine, the response to low frequencies 
is relatively more reduced than that to high frequencies. Stimulation with fre- 
quencies up to 10/second elicited no detectable response after large doses of 
Dibenamine although prior to treatment responses up to 80% of the maximum 
ncre produced. Klopp (G) found that diffusion of sympathin to non-innervated 
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cells affected the contraction of the cat’s nictitating membrane only at stimula- 
tion frequencies above 4 to 14/sccond (the exact frequency varied in different 
individuals). Therefore, the complete elimination by Dibenamine of responses 
to low frequencies of stimulation must be due to inhibition of the responses of 
directly innervated cells. 

If the Dibenamine block were due to a decreased permeability of effector cells 
it should be possible to overcome this block by sufficiently increasing the cod- 



cervical SYMPATHETIC 


Fig. 6 

Plot of contraction of nictitating membrane against frequency of electrical stimulation 
of cervical sympathetic nerve. All stimuli 5 seconds in duration. Ordinate, mm. move- 
ment of writing lever; abscissa, pulses/second. 

• • Control values. 

O O 45 minutes after 20 mgra./kgm. of Dibenamine given intravenously. 

• • 45 minutes after an additional 20 mgm./kgm. of Dibenamine. 

centration gradient. However, it is not possible to overcome the Dibenamine 
block of the nictitating membrane either with maximal sympathetic stimulation 
or massive doses of epinephrine (fig. 7). 

It was previously shown (2) that Dibenamine does not interfere with the re- 
sponse of smooth muscle cells which respond to epinephrine by relaxation. This 
may be considered as additional proof that Dibenamine does not act by altering 
the permeability of effector cells. It is difficult to conceive of a situation in 
which the permeability of smooth muscle cells responding to epinephrine by 
contraction is markedly decreased while the permeability of similar cells respond- 
ing by relaxation is unaltered by the same blocking agent. 
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Effect on Contractile Mechanism. A second possible locus of action of Diben- 
amine is on the contractile mechanism of smooth muscle cells. This mode of 
action might offer an explanation for the ability of the drug to block exeitatoiy 
but not inhibitory effects of epinephrine. Simeone and Samoff (7) have sug- 
gested that Dibenamine may act as a generalized tissue poison on the basis of 
its local destructive action after subcutaneous or intraperitoneal injection (2). 
This possibility was investigated by a study of the effect of Dibenamine on the 



Fig. i 

Response of chronically dencrvated nictitating membrane to various substances ad- 
rmnistered intravenously before (A to C) and after (D to H) the intravenous administration 
of 20 mgm./kgm. Dibenamine. 


A. 2.5 ppn./hgm. nor-epinephrine. 

B. 25 pgm./kgm. epinephrine, 
c. 10 ^gm./kgm. methacholine. 

JJ. 10 pgm./kgm. methacholine. 


E. 25 pgm./kgm. nor-epinephrine. 

F. 2.5 pgm./kgm. epinephrine. 

G. 50 jjgm./kgm. epinephrine. 

H. 1000 pgm./kgm. epinephrine. 


response of the chronically (8-20 days) denervated nictitating membrane to 
'anous agents. In all cases the adrenals were removed to eliminate possible 
effects of endogenously released epinephrine. 

Figure 7 illustrates a typical series of responses. In all cases the contraction 
■n response to epinephrine and to nor-epinephrine : (suggested by Euler [8] and 
’adtltim and Goodwin [9] to be sympathin E) is abolished even when the doses 
ere increased 1000 and 100 times, respectively. The slow rise of the base-line 

Kindly supplied by Dr. M. L. Taintcr of the Stcrling-Winthrop Research Institute 
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cells affected the contraction of the cat’s nictitating membrane only at stimula- 
tion frequencies above 4 to 14/second (the exact frequency varied in different 
individuals). Therefore, the complete elimination by Dibenamine of responses 
to low frequencies of stimulation must be due to inhibition of the responses of 
directly innervated cells. 

If the Dibenamine block were due to a decreased permeability of effector cells 
it should be possible to overcome this block by sufficiently increasing the con- 



Frequency of electrical stimulation of 

CERVICAL SYMPATHETIC 
Fig. 6 

Plot of contraction of nictitating membrane against frequency of electrical stimulation 
of cervical sympathetic nerve. All stimuli 5 seconds in duration. Ordinate, mm. move- 
ment of writing lever; abscissa, pulses/sccond. 

• • Control values. 

O O 45 minutes after 20 mgm./kgm. of Dibenamine given intravenously. 

• • 45 minutes after an additional 20 mgm./kgm. of Dibenamine. 

eentration gradient. However, it is not possible to overcome the Dibenamine 
block of the nictitating membrane either with maximal sympathetic stimulation 
or massive doses of epinephrine (fig. 7). 

It was previously shown (2) that Dibenamine does not interfere with the re- 
sponse of smooth muscle cells which respond to epinephrine by relaxation. This 
may be considered as additional proof that Dibenamine does not act by altering 
the permeability of effector cells. It is difficult to conceive of a situation in 
which the permeability of smooth muscle cells responding to epinephrine by 
contraction is markedly decreased while the permeability of similar cells respond- 
ing by relaxation is unaltered by the same blocking agent. 
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Effect on Contraclile Mechanism. A second possible locus of action of Diben- 
amine is on the contractile mechanism of smooth muscle cells. This mode of 
action might offer an explanation for the ability of the drug to block excitatory 
but not inhibitory effects of epinephrine. Simeone and'Sarnoff (7) have sug- 
gested that Dibenamine may act as a generalized tissue poison on the basis of 
its local destructive action after subcutaneous or intraperitoneal injection (2). 
This possibility was investigated by a study of the effect of Dibenamine on the 



Fig. T 

Response of chronically denervated nictitating membrane to various substances ad- 
ministered intravenously before (A to C) and after (D to H) the intravenous administration 
of 20 mgm./kgm. Dibenamine. 

A. 2.5 Mgm./kgm. nor-epinephrine. E. 2.5 Mgm./kgm. nor-epinepbrine. 

B. 2.5 Mgm./kgm. epinephrine. F. 2.5 Mgm./kgm. epinephrine. 

C. 10 Mgm./kgm. methacholine. G. 50 Mgm./kgm. epinephrine. 

D. 10 Mgm./kgm. methacholine. H. 1000 Mgm./kgm. epinephrine. 

response of the chronically (8-20 days) denervated nictitating membrane to 
various agents. In all cases the adrenals were removed to eliminate possible 
effects of endogenously released epinephrine. 

Figure 7 illustrates a typical series of responses. In all cases the contraction 
in response to epinephrine and to nor-epinephrine 2 (suggested by Euler [8] and 
Gaddum and Goodwin [9] to be sympathin E) is abolished even when the doses 
are increased 1000 and 100 times, respectively. The slow rise of the base-line 

• Kindly supplied by Dr. M. L. Tainter of the Sterling-Winthrop Research Institute. 
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seen when epinephrine or nor-epincphrine is administered after Dibenamine is 
apparently secondaiy to vascular changes in the orbit and is unrelated to dosage. 

In contrast to its effective block of responses to sympathomimetic drugs, 
Dibenamine has little or no effect upon the contraction induced by methacholinc 
(fig. 7). Dibenamine does cause a partial reduction in the response to histamine; 
but this is not surprising inasmuch as Dibenamine has a weak antihistaminic 
action, and closely related compounds arc potent antihistaminics (Nickerson and 
Bullock, 10). The above experiments indicate that the contractility of smooth 
muscle cells of the nictitating membrane is not impaired by doses of Diben- 
amine adequate to block completely the response to epinephrine. 

Discussion. By a process of elimination it may be concluded thnt Diben- 
amine acts by blocking some essential step in the excitation process occurring 
between the penetration of sympathomimetic agents to their site of action and 
the actual contraction of the smooth muscle cell. Presumably, this step in- 
volves a specific combination of the exciting agent with some cellular constituent. 
Almost nothing is known of the nature of the combination or of the “receptor 
substance” involved. However, this reaction is of major importance as it ap- 
parently accounts for the ability of cells to distinguish between various stimu- 
lating agents and thus to exhibit specific responses. In the following discussion 
the term “receptor substance” is used to designate those cellular factors involved 
in activation by a specific agent without any implications as to what their nature 
may be. 

It has been found that atropine antagonizes acetylcholine (11), ergotamine 
antagonizes epinephrine (12) and Benadryl antagonizes histamine (13) at defi- 
nite ratios of each pair of drugs. The exact ratio is a function of the particular 
tissue studied. The question of whether this represents the xatio at which the 
substances in question replace each other in combination with specific receptor 
substances remains unsettled. Clark (11) has presented certain indirect evi- 
dence to indicate that atropine and acetylcholine are not in equilibrium with a 
common receptor, but the issue is certainly not settled. In any case, these 
antagonisms have the characteristics of a competitive reaction in that a relatively 
constant ratio of stimulating and blocking agent will produce a constant reaction 
over a wide range of concentrations. A response equaling the control value may 
thus be obtained in the presence of the blocking agent by sufficiently increasing 
the concentration of the exciting agent. 

The action of Dibenamine does not fall into this category since the difference 
is small between a dose which produces no block of epinephrine or sympathin and 
one which gives a complete or almost complete block over a very wide range of 
concentrations. After administration of adequate blocking doses of Diben- 
amine the control response of the nictitating membrane can never by reproduced 
or approached even by maximal nerve stimulation or concentrations of epineph- 
rine as large as tolerated by the intact animal. 

It is possible that a competitive equilibrium between Dibenamine and epineph- 
rine or sympathin may exist in the period during which the block is being pro- 
duced, and this possibility is being investigated. However, after the block has 
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developed (this may required 30 minutes or more) no such equilibrium is demon- 
strable. The effect of adequate doses of Dibenamine on the receptor mecha- 
nism seems to be overcome only by time. The difference between the action of 
Dibenamine and other drugs mentioned above may be due to the fact that Di- 
benamine is the only adequately studied blocking agent which has the poten- 
tiality of reacting with various tissue constituents to form stable covalent bonds 
(Nickerson and Gump, 14). Such a reaction of Dibenamine with a specific 
receptor substance or grouping might remove the latter rather permanently from 
participation in reactions noth sympathomimetic agents. The block would then 
be abolished only by dissolution of this bond (perhaps by enzymatic action) or by 
synthesis of new active groupings. The prolonged block produced by Diben- 
amine (2) indicates that the restorative mechanism acts slowly. 

The ability of Dibenamine to block completely the response of the nictitating 
membrane to epinephrine but not to nerve stimulation is not easy to explain. It 
is not simply a matter of difference in chemical configuration between epinephrine 
and sympathin E because Simeone and Sarnoff (7) have shown that the effect of 
circulating sympathin E on the denervated nictitating membrane is readily 
blocked. It is possible that sympathetic stimulation may cause the release of 
mediator in high local concentrations not duplicated by systemic administration, 
but this explanation is difficult to check experimentally. 

The most likely explanation of the difference between the degree of complete- 
ness of the Dibenamine block of responses to epinephrine and of those to sym- 
pathetic nerve stimulation rests on a structural basis. It is usually assumed, 
but has never been demonstrated, that the spatial arrangement of receptors in a 
particular organ is such that all are equally available for activation. However, 
it is quite possible that certain contractile cells are relatively inaccessible to sub- 
stances diffusing from the circulating blood. This relative inaccessibility should 
apply for both Dibenamine and circulating epinephrine or sympathin and conse- 
quently receptors poorly accessible to the blocking action of Dibenamine might 
also receive only small amounts of circulating sympathomimetic agents. There- 
fore, the block would appear to be complete. However, there is no reason to 
believe that poorly vascularized areas are also poorly innervated, and unblocked 
cells may be stimulated by' the release of large amounts of sympathin in their 
immediate vicinity. If this explanation is correct, the wide variations in the 
degree to which Dibenamine blocks the responses of individual nictitating mem- 
branes to cervical sympathetic nerve stimulation may depend upon rather simple 
anatomical differences. 

After Dibenamine, the recorded response of the nictitating membrane is more 
sluggish and nearly' maximal stimuli are frequently required to produce any 
detectable contraction. This may be due to the failure of most of the smooth 
muscle cells to respond. The smooth muscle retractors of the nictitating mem- 
brane lie largely outside of the membrane and enter it obliquely for only a short 
distance (15). Therefore, tension on the center of the marginal cartilage (as 
applied for recording) is transmitted obliquely across the long axes of the smooth 
muscle cells and there is no assurance that the smooth muscle mass is under 
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tension prior to stimulation. Under these conditions part of the contraction 
may occur before the writing lever is moved. Experiments of Roscnblueth and 
Cannon (1G) on the summation of effects of epinephrine and svmpathin indicate 
that this may be a factor even in the unblocked, sensitized nictitating membrane: 
It would be a particularly important factor when most of the muscle mass is re- 
laxed and only isolated portions contract. Failure to record the initial portion of 
the nictitating membrane contraction would account for both the slow response 
and the greater reduction of the response to weak stimuli after treatment with 
Dibenamine. 

The fact that the apparent degree of block varies markedly with the duration 
and frequency of stimulation (figs. 4 and G) makes it difficult to compare the 
above results with published studies on other blocking agents. However, pre- 
liminary' observations in our laboratory' indicate that large doses (30 mgm./kgm.) 
of ergotoxine produce a block which is related to frequency and duration of 
stimulation in much the same way ns the Dibenamine block. The failure of 
large doses of ergotoxine to block completely the nictitating membrane response 
to nerve stimulation can also be explained on the anatomical basis outlined 
above, although the picture is complicated by the marked contraction which 
ergotoxine itself produces. 


SUMMARY 

Quantitative studies of the inhibition by’ Dibenamine of the response of the 
cat nictitating membrane to electrical cervical sympathetic nerve stimulation, 
and of the response of the chronically denervated nictitating membrane to vari- 
ous sympathomimetic and other agents (histamine, mcthaclioline), have indi- 
cated that: 

1. Dibenamine does not prevent the free penetration of sympathomimetic 
agents to their site of action. 

2. Dibenamine in blocking doses does not paralyze the contractile mechanism 
of smooth muscle cells as shown by' a normal response to non-sympatliomimetic 
agents. 

The mechanism of action of Dibenamine is discussed. Tentative explana- 
tions are offered for its long duration of action and for its failure to block com- 
pletely the response of the nictitating membrane to nerve stimulation despite 
complete abolition of the response to circulating epinephrine and sympathin. 
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tension prior to stimulation. Under these conditions part of the contraction 
may occur before the writing lever is moved. Experiments of Rosenblueth and 
Cannon (16) on the summation of effects of epinephrine and sympathin indicate 
that this may be a factor even in the unblocked, sensitized nictitating membrane: 
It would be a particularly important factor when most of the muscle mass is re- 
laxed and only isolated portions contract. Failure to record the initial portion of 
the nictitating membrane contraction would account for both the slow response 
and the greater reduction of the response to weak stimuli after treatment with 
Dibenamine. 

The fact that the apparent degree of block varies markedly with the duration 
and frequency of stimulation (figs. 4 and 6) makes it difficult to compare the 
above results with published studies on other blocking agents. However, pre- 
liminary observations in our laboratory indicate that large doses (10 mgm./kgm.) 
of ergotoxine produce a block which is related to frequency and duration of 
stimulation in much the same way as the Dibenamine block. The failure of 
large doses of ergotoxine to block completely the nictitating membrane response 
to nerve stimulation can also be explained on the anatomical basis outlined 
above, although the picture is complicated by the marked contraction which 
ergotoxine itself produces. 


SUMMARY 

Quantitative studies of the inhibition by Dibenamine of the response of the 
cat nictitating membrane to electrical cervical sympathetic nerve stimulation, 
and of the response of the chronically denervated nictitating membrane to vari- 
ous sympathomimetic and other agents (histamine, methacholine), have indi- 
cated that: 

1. Dibenamine does not prevent the free penetration of sympathomimetic 
agents to their site of action. 

2. Dibenamine in blocking doses does not paralyze the contractile mechanism 
of smooth muscle cells as shown by a normal response to non-sympatbomimetie 
agents. 

The mechanism of action of Dibenamine is discussed. Tentative explana- 
tions are offered for its long duration of action and for its failure to block com- 
pletely the response of the nictitating membrane to nerve stimulation despite 
complete abolition of the response to circulating epinephrine and sympathin. 
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injections were made in the inferior mesenteric artery through a metal cannula inserted 
retrograde just distal to the ganglion. The electrical stimuli were square waves or diphasie 
shocks from a Grass stimulator. Unless otherwise specified below, the stimuli were maxi- 
mal for the group of fibers being studied. 


A B 



Fig.1. Effect of Magnesium ion During Maximal Stimulation ofPke- and 
Postganglionic Fibers of the Superior Cervical Ganglion 

Cat, female, 2.1 kg. Dial anesthesia. Responses of the nictitating membrane. 
Preganglionic stimulation in A; postganglionic in B. Stimulus on at S and off at O- 
At 1, 1 mg. MgSOi was injected into lingual artery, at 2, 2 5mgm., at 3, 2 5 mgm., and at 4, 
5 mgm. MgSOi. Time in 30 seconds. 


Results 

A. SUPERIOR CERVICAL GANGLION 

1. Ganglionic blockade. When the nictitating membrane is tonically con- 
tracted by maximal stimulation continuously delivered to the cervical sympa- 
thetic nerve, injection of magnesium chloride regularly causes relaxation of the 
membrane. The degree of relaxation is proportional to the dosage. Pronounced 
relaxations are regularly obtained with 10 to 25 mgm. per kg. given intrave- 
nously, 5 to 10 mgm. per kg. given through a fine needle into the carotid, or 1 to 
2 mgm. per kg. when delivered through a cannula in the lingual artery with the 
external carotid tied off distally (Fig. 1 , A). When the postganglionic nerves are 
stimulated magnesium ion often produces a slight relaxation of the nictitating 
membrane. This is never more than a small fraction of the relaxation obtained 
from an equal dose injected during preganglionic stimulation (Fig. 1, B). At 
times no relaxation is seen under such circumstances. — - 
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The paralyzing action of magnesium ion on skeletal neuromuscular systems 
has long been recognized (1). As with curare the point of action of magnesium 
has been located at the neuromuscular junction (2). Curare also inhibits trans- 
mission of impulses through autonomic ganglia (3), and recently a similar block- 
ade has been shown to be the principal mode of action of the monovalent quater- 
nary cation tetraethylammonium (4). Indeed the blood pressure lowering effect 
of the latter drug has been attributed to this effect on the sympathetic ganglia. 
It was of interest therefore to explore the actions of magnesium ion on autonomic 
systems in order to see how far the similarity of action of this ion to curare and 
tetraethylammonium ion might extend, in an endeavor to throw further light on 
the hypotensive effect of injected magnesium salts. Evidence will be presented 
to show that magnesium induces a short-lived blockade of sympathetic ganglia, 
but that its actions differ in several respects from those of curare and tetraethyl- 
ammonium. 

Methods. Cats were used under anesthesia with 0.7 cc. per kgm. of Dial solution 5 (each 
cc. containing diallyl barbituric acid 0.1 gram, urethane 0.4 gram, monoetbyl urea 0.4 gram, 
in aqueous solution) injected intraperitoneally. The methods described by Acheson and 
Poreira (5) were used in experiments in which pre- and postganglionic fibers of the superior 
cervical ganglion were stimulated, except that at times the volume of solution injected 
intra-arterially was varied, and usually a plastic rather than a metal cannula was used in 
the lingual artery. Injections directly into the carotid artery were made through a 26 
gauge needle. Magnesium sulfate was used in a few experiments, but the chloride salt was 
usually employed. The magnesium chloride and the calcium chloride were made up in 1.05 
molar solution (equivalent to 10% MgCli), and appropriate dilutions were made therefrom. 
All doses refer to the anhydrous salts. Tetraethylammonium chloride 5 was appropriately 
diluted from a 10% stock solution. Intocostrin* was used as a standardized curare prepa- 
ration. The acetylcholine used was diluted from a 20% stock solution of the bromide salt. 
Doses refer to the salt. Epinephrine was used as the bitartrate salt. Doses refer to the 
base. 

In the experiments on the Btellate ganglion and heart the methods described by Acheson 
and Moe (4) were used. Heart rates were recorded by the Grass ink-writing oscillograph. 
Essentially similar methods were used in the experiments on the inferior mesenteric gang- 
lion. The large bowel was retracted laterally with broad ligatures, thereby exposing the 
ganglion. Stimulating and recording platinum electrodes were appropriately placed, a 
crush being made between the two recording electrodes to give a monophasic response. A 
Wagner ground was frequently employed to minimize the stimulus artifact. Intra-arterial 

* This study was aided in part by a grant from the Milton Fund of Harvard University. 

5 Generously supplied by Ciba Pharmaceutical Products, Summit, N. J. 

» Generously supplied by Parke, Davis, and Company, Detroit, Michigan. 

* Generously supplied by E. R. Squibb and Sons, New Brunswick, N. J. 
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doses of epinephrine the responses were more nearly the same with and without 
magnesium ion. 

From these results it seems clear that magnesium ion has a blocking action on 
the transmission of impulses through the superior cervical ganglion. It also .lias 
a direct effect on the nictitating membrane not only to cause a further relaxation 
of the resting membrane, but also to relax the membrane stimulated by nerve 
impulses or by small amounts of epinephrine. Quantitatively these latter ef- 
fects are smal l by comparison noth the effect when the nictitating membrane is 
used as an indicator- of ganglionic transmission. 

2. Effect of magnesium ion on ganglionic responses io acetylcholine and potassium 
ion. Curarization of autonomic ganglia blocks their response to acetylcholine 
but not to potassium ion (6). The response of the nictitating membrane to 
acetylcholine has two components. The initial rapid twitch is due to direct ac- 
tion of the drug on the ganglionic cells, while the prolonged contraction is due to 
the action of the drug on the membrane itself (7). In our experiments 0.5 mgm. 
per kg. of atropine sulfate given intravenously had no effect on the quick compo- 
nent, but diminished the slow component of the response. 

In three experiments a series of twitches of the nictitating membrane was ob- 
tained by injecting acetylcholine bromide intra-arterially into the region of the 
ganglion. Immediately preceding alternate intra-arterial injections of the drug, 
varying quantities of magnesium chloride were given through the same cannula. 
Ten mgm. completely blocked the response of the ganglion to 0.5 mgm. of acetyl- 
choline whether atropine had been given or not (Fig. 2, A) . The slow component 
of the twitch was also eliminated. This dose gave a large but incomplete relaxa- 
tion of the same membrane when it was contracted by preganglionic stimulation 
(Fig. 2, B). With smaller doses of magnesium chloride some response to acetyl- 
choline was obtained; the response reached its full height when it was preceded 
by only 0.65 mgm. The fast component of the contraction of the nictitating 
membrane disappeared when the ganglion was crushed. The slow component 
remained (Fig. 2, C). 

In the same three experiments uniform twitches of the membrane were ob- 
tained by injections of 5 to 10 mgm. of potassium chloride intra-arterially near 
the ganglion. When the injection was preceded immediately by 5 to 10 mgm. of 
magnesium chloride no twitches were obtained, but with lesser amounts twitches 
were obtained, and were of normal height when 0.65 mgm. was injected (Fig. 
2, B). The potassium chloride twitches disappeared completely when the 
ganglion was crushed (Fig. 2, C). 

B. STELLATE GANGLION 

1. Effect on the rale of the decentralized, heart. The effect of magnesium ion on 
the heart rate was explored in 8 cats. In each case both sympathico-vagal trunks 
were crushed in the neck, the chest was opened, and respiration was maintained 
artificially. The sympathetic chains on both sides down to and including T4 
and all preganglionic fibers to the stellate ganglia were crushed. An electrode 
for preganglionic stimulation was placed on the communicating branch from the 
first or second intercostal nerve just distal to the crush. Postganglionic stimula- 



54 


JOHN B. 6TANBUHY 


In -experiments on three cats the action potentials recorded with one electrode 
-on- the distal end of the cervical sympathetic nerve and the other on the ganglion 
■were observed during stimulation of the cervical sympathetic nerve proximally. 
Magnesium chloride injected directly into the common carotid arteiy caused a 
sharp fall in the ganglionic potential, and completely eliminated it in doses of 20 
to 40 mgm. Recovery was complete in four to seven minutes. The action po- 
tential of the preganglionic nerve was not affected by quantities which gave 
marked falls in the ganglionic potential; with larger doses a slight fall was ob- 
served. When submaximal shocks were delivered to the nerve magnesium 
chloride diminished the action potential considerably. 

In experiments on two cats the action potentials of the postganglionic fibers of 
the superior cervical ganglion were recorded during stimulation of the cervical 
sympathetic nerve. Injection of magnesium chloride intra-arterially in one case 
and intravenously in the other r^as followed by an abrupt fall in amplitude. 
Complete recovery occurred in 3 to 4 minutes. In one of these experiments it 
was possible to stimulate the distal end of the ganglion and record farther distally 
from the tip of the severed end of the postganglionic trunk. There was no dimi- 
nution in strength of the action current following injection of a quantity of 
magnesium ion which had a pronounced effect when the stimulus was delivered 
to the preganglionic fibers. The accessible postganglionic fibers of this ganglion 
are very short for both stimulation and recording and there was no certainty in 
this case that the trunk was receiving an adequate blood supply. 

A definite but slight relaxation of the nictitating membrane usually occurred 
following an injection of magnesium ion when the ganglion had been crushed and 
no stimulus was being applied. Sodium chloride injected in concentrations of 
4.5 to 15% while the membrane was resting, or was contracted under postgangli- 
onic stimulation, usually caused a similar relaxation of the membrane, but always 
much smaller than when magnesium chloride was given under the same condi- 
tions in equivalent or more dilute solutions. This indicates that the action of 
magnesium ion was not an osmotic effect. A similar slight relaxation of the un- 
stimulated membrane was usually obtained after removal of the eyeball, or after 
curarization of the animal with Intocostrin so that strong stimulation of the 
sciatic caused no response of the muscles of the leg, or when both these procedures 
were carried out. Hence the action of magnesium ion on the unstimulnted mem- 
brane could not be attributed to an effect on the skeletal muscle of the orbit. 

In order to investigate further the direct effect of magnesium ion on the mem- 
brane itself dose response curves to epineprine alone and epinephrine with added 
magnesium chloride were obtained on nine cats. In each case the response to 
a given dose of epinephrine was compared with the response to the same dose of 
epinephrine in the same volume but containing 20 to 40 mgm. of magnesium 
chloride. In 4 of these experiments the animal was curarized, in a fifth the eye- 
ball was removed and the animal curarized, and in another the eyeball was re- 
moved but no curare was given. The injections were made directly into the 
carotid artery. When the dose of epinephrine was less than one microgram, 
maguesium ion lessened or obliterated the small response, whereas with larger 
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ing electrodes were applied to the fibers which run medially from the ganglion 
to join the vagus trunk and which then descend to the heart. The heart was 
thus severed from its neural connection with the central nervous system. In 
all cases but one the adrenal glands were tied off. In two of these experiments 
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Fio. 2. Effect of Magnesium ion on Responses of Superior Cervical Ganglion to 
Acetylcholine and Potassium ion 

Cat, female, 2.2 kg. Dial anesthesia. Atropine sulfate 0.5 mg./kg. All injections of 
MgCIi given in 1 cc. Time in 30 seconds. Recording of nictitating membrane. 

A. Acetylcholine and magnesium ion. At A, 0.5 mgm. acetylcholine bromide. At 1, 
10 mgm. MgCIi followed by 0.5 mgm. acetylcholine. At 2, 5 mgm. MgCl, followed by same 
dose of acetylcholine. At 3, 2.5 mgm. MgCIi followed by same dose of acetylcholine. 

II. Potassium ion and magnesium ion. At It, 10 mgm. KC1. At 1, 10 mgm. MgClj 
followed bv same dose of KC1. At 2, 5 mgm. MgCl. followed by same dose of KC1. At 3, 
2.5 mgm. MgCl, followed by same dose of KC1. At S, maximal stimulation of cervical 
sympathetic nerve. At 4, 2.5 mgm. MgCl*. At 5, 10 mgm. MgClj. 

C. Influence of crushing of ganglion. Ganglion crushed at C and C. At K, 10 mgm. 
ICCl. At A, 0.5 mgm. acetylcholine bromide. 


the right vagus was severed a week previously high in the neck to allow degenera- 
tion and thereby eliminate the possibility of spread from the stimulating elec- 
trodes and consequent interference from vagal effects. The results were not 
different in these animals from those obtained in the others. 

Intravenous magnesium chloride slowed the unstimulated decentralized heart, 
the degree of slowing being dependent on the dosage (Fig. 3). In one expert- 
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observed when the stimulus was applied to the distal end of the crushed ganglion 
(Fig. 4, B). Recovery was prompt, requiring usually no more than, three to 
five minutes. This quick recovery is in contrast to the delayed or incomplete 
return of heart rate to the base line following magnesium ion during stimulation 
of the accelerator nerve, and indicates that the slowing is not entirely dependent 
•. upon an effect on sympathetic tone. 

C. INFERIOR MESENTERIC GANGLION 

In five cats the effect of magnesium chloride was observed on transmission 
through the inferior mesenteric ganglion. In four of these the injection was 
made intravenously and in one retrograde through the inferior mesenteric artery. 
The action potentials were recorded from electrodes placed on the hypogastric 
nerve 2 to 3 cm. beyond the ganglion. If maximal shocks were delivered to the 
preganglionic fibers and magnesium ion was injected the amplitudes of the 
recorded action potentials were sharply reduced proportional to the quantity 
injected (Fig. 4, C). Ten mgm. per kg. always produced a striking change. 
The same effect was demonstrable with much smaller doses if given intra- 
arterially into the region of the ganglion. 

When the postganglionic fibers (hypogastric nerve) were stimulated, there 
was no appreciable change in the action potential when maximal shocks were 
used (Fig. 4, D). As in the cervical sympathetic nerve during submaximal 
stimulation magnesium ion reduced the amplitude of the action potential. This 
indicated that the circulation of the nerve trunks in the region of the stimulating 
electrodes was intact, and that magnesium ion increased the threshold of these 
nerve fibers. Once all the fibers were stimulated magnesium ion in the quantities 
used here did not interfere with the propagation of the nerve impulse.. 

D. INFLUENCE OF MAGNESIUM ION ON VAGAL INHIBITION 

Experiments were done on four cats with decentralized hearts to determine 
whether magnesium ion could release the heart from vagal inhibition. In no 
case was this successful. At times the maximal inhibition produced by ten 
second stimulation of the vagus was measured every thirty seconds, and at other 
times the vagus was stimulated at a frequency sufficiently slow to prevent vagal 
escape. At no time was acceleration observed following an injection of mag- 
nesium chloride. With larger doses further slowing of the heart occurred. Pos- 
sibly release from vagal tone could be shown if it were not for the direct slowing 
effect of magnesium ion on the sinus. 

E. EFFECT OF MAGNESIUM ION ON THE BLOOD PRESSURE 

Incidental to the experiments reported above a number of observations were 
made on the blood pressure. Regularly when magnesium chloride was injected 
intravenously a sharp fall in the blood pressure occurred. In no case was a 
nse observed. The pressure returned to normal or near normal in three to five 
minutes. With successive injections the base line of the blood pressure gradually 
fell until the animal died. However, frequently when the injection was made 
into the common carotid artery a sharp but transient elevation in the blood pres- 
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3. Effect on synaptic transmission. In experiments on three cats inlubition of 
ganglionic transmission was recorded with the cathode raj’ oscillograph. The 
stimulating electrodes were placed on the communicating branch from the first 
or second intercostal nerves for preganglionic stimulation and on the distal end 
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Fig. 4. Action Potentials in Postganglionic Fibers of Stellate and Inferior 
Mesenteric Ganclia 

Cat, male, 2.4 kg. in A and B ; Cat, male, 5.2 kg. in C and D . Dial anesthesia. In each 
case 100 mgm. MgCIj was given intravenously during maximal stimulation of the 
appropriate nerve. 

A. During stimulation of preganglionic fibers of the stellate ganglion. First control, 
second 15 seconds after injection; third 60 seconds after injection, and fourth 150 seconds 
after injection. 

B. During stimulation of postganglionic fibers of the stellate ganglion. First control, 
second 15 seconds after injection, third 60 seconds after injection, and fourth 140 seconds 
after injection. 

C. During stimulation of preganglionic fibers of the inferior mesenteric ganglion. First 
control, second 15 seconds after injection, third 60 seconds after injection, and fourth ISO 
seconds after injection. 

D. During stimulation of hypogastric nerve. First control, second 15 seconds after 
injection, third 60 seconds afer injection, and fourth 195 seconds after injection. 


of the ganglion for postganglionic stimulation. The recording electrodes were 
applied to the cardiac nerve severed where it joined the vagus. Magnesium 
chloride injected intravenously in doses which caused cardiac slowing as de- 
scribed above regularly caused a decrease in the magnitude of the action potential 
when the stimulus was applied preganglionically (Fig. 4, A), but no change was 
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transmission of cardioacceleratoT impulses at tlie stellate ganglion. It also has 
a direct decelerator action on the sino-atrial node. As with the contraction of 
the nictitating membrane so also with the heart rate, it has an inhibitory effect 
whether or not postganglionic stimulation is carried out. Since it caused no 
change in the amplitude of the action potentials in the accelerator nerve when 
the nerve was stimulated maximally distal to the ganglion, it can be assumed that 
the nerve impulses in the postganglionic fibers reached the heart. Since in the 
doses used, atrio-ventricular dissociation did not occur, the slowing was not due 
to changes in conduction within the heart. In dogs we have confirmed re- 
peatedly the old observations of Matthews and Jackson (9) that the heart stopped 
by ma gnesium ion can be driven by suitably spaced electrical stimuli applied to 
the region of the sino-atrial node. Magesium ion, then, slows the heart not 
only by diminishing cardioaccelerator tone, but also by diminishing the spon- 
taneity of the sino-atrial node. 

3. Vasodepressor effects. Since magnesium ion blocks impulse transmission 
through the superior cervical, the stellate, and the inferior mesenteric ganglia, 
it seems reasonable to assume that it blocks sympathetic ganglia generally. 
Hence, the blood- pressure lowering effect of injected magnesium ion may be 
ascribed in part to its effect on these ganglia. Other sites of action might, how- 
ever, be important. That the vaso-motor center is probably not particularly 
involved in the hypotensive effect of magnesium ion is indicated by the sharp 
rises in blood pressure after intracarotid injection. The site of this action is 
probably central since it occurred after evulsion of cranial nerves IX through XII. 

The fall in blood pressure might also result from a direct effect on peripheral 
vessels or from a decrease in cardiac output. The observations here reported on 
the spinal cat and on a cat receiving a constant intravenous infusion of epine- 
phrine do not differentiate between these possibilities, but do indicate that 
magnesium ion does not depend entirely on the central nervous system or the 
sympathetic nervous system in order to cause a lowering of blood pressure. 
Haury (10) found an increase in volume of spleen and kidney in the spinal ani- 
mal after giving magnesium ion intravenously, and from his data concluded that 
it acts locally. Gotsev (11), however, using much larger doses, failed to find 
such changes unless the magnesium ion was injected intra-arterially, and con-, 
eluded that the blood pressure fall was due to diminished output of the heart. 
More experimental work is required before the entire mechanism can be clarified. 

CONCLUSIONS 

1. Magnesium ion causes a short-lived blockade of transmission of nerve im- 
pulses through sympathetic ganglia. With comparable concentrations of mag- 
nesium ion conduction in pre- and postganglionic sympathetic nerves is little 
if any affected, but the threshold of electrical stimulation is raised. 

2. Magnesium ion prevents the stimulating effect of acetylcholine and of po- 
tassium ion on the superior cervical ganglion. 

3. Magnesium ion causes a slowing of the heart by blocking the cardioaccelera- 
tor ganglia, but in addition there is a direct inhibiting action on the spontaneity 
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sure was seen. This was sometimes followed by a secondary fall. Control 
injections of saline gave no rise. Tliis was observed with and without evulsion 
of cranial nerves IX through XII. 

Two experiments were done when sympathetic control of the blood pressure 
had been eliminated insofar as possible. In one of these the spinal cord and 
brain were destroyed. The blood pressure fell at once to about GO mm. Hg., 
Intravenous injections of amounts of magnesium chloride which caused falls of 
blood pressure in the normotensive cat also caused falls in this animal. Another 
anesthetized cat (with intact nervous system) was given a slow intravenous drip 
of epinephrine 1/200,000 until the blood pressure stabilized at a level 88 mm. 
of mercuiy above the basal level. At this point graded doses of tetraethyl 
ammonium chloride led to rises of blood pressure instead of the usual fall, in- 
dicating that sympathetic tone had been eliminated. Injections of magnesium 
ion caused sharp falls in the blood pressure. These observations suggest that the 
blood pressure-lowering effect of magnesium ion is not entirely dependent on 
the presence of sympathetic vasoconstrictor tone. 

DISCUSSION 

1. Blockade of sympathetic ganglia. If magnesium ion is injected in proper 
amount during stimulation of the cervical sympathetic nerve a brief relaxation 
of the nictitating membrane is observed. The principal site of this activity has 
been localized at the superior cervical ganglion by showing that the nerve impulse 
is conducted undiminished in the pre- and postganglionic fibers when a quantity 
of magnesium ion is injected which blocks the ganglionic potential and transmis- 
sion through the ganglion. This relatively brief blocking effect of magnesium 
cannot be attributed to changes in blood supply of the ganglion produced by 
the actions of magnesium, since ganglionic transmission is unaffected by de- 
crease of blood supply short of several minutes of complete ischemia (8). Mag- 
nesium ion prevents the stimulating effect of potassium ion and of acetylcholine 
on the superior cervical ganglion. These effects also are exerted on the ganglion 
itself and not on the postganglionic fibers since they disappear when the gang- 
lion is crushed. Thus magnesium ion renders the acetylcholine and potassium- 
sensitive portions of the ganglion relatively inexcitable to these agents. In this 
respect it differs from both curare and tetraethylammonium ion since both these 
drugs do not block the response of sympathetic ganglia to potassium but do 
block the response to acetylcholine. The initial stimulating effect on the gang- 
lion which may be elicited by curare was never observed. In this respect the 
magnesium ion behaves more like tetraethylammonium ion. 

Sympathetic ganglionic blockade was also shown in the stellate ganglion and 
in the inferior mesenteric ganglion. These were not well adapted for the study 
of acetylcholine and potassium ion effects, but otherwise the findings were con- 
sistent with those at the superior cervical ganglion in showing interference by 
magnesium ion with impulse transmission. The data presented are insufficient 
to define the mechanism by which this blockade takes place. 

2. Cardiodecelerator effect. Magnesium ion .slows the heart by blocking the 
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transmission of cardioaccelerator impulses at the stellate ganglion. It also has 
a direct decelerate action on the sino-atrial node. As with the contraction of 
the nictitating membrane so also with the heart rate, it has an inhibitory effect 
whether or not postganglionic stimulation is carried out. Since it caused no 
change in the amplitude of the action potentials in the accelerator nerve when 
the nerve was stimulated maximally distal to the ganglion, it can be assumed that 
the nerve impulses in the postganglionic fibers reached the heart. Since in the 
doses used, atrio-ventricular dissociation did not occur, the slowing was not due 
to changes in conduction within the heart. In dogs we have confirmed re- 
peatedly the old observations of Matthews and Jackson (9) that the heart stopped 
by magnesium ion can be driven by suitably spaced electrical stimuli applied to 
the region of the sino-atrial node. Magesium ion, then, slows the heart not 
only by diminishing cardioaccelerator tone, but also by diminishing the spon- 
taneity of the sino-atrial node. 

3. Vasodepressor effects. Since magnesium ion blocks impulse transmission 
through the superior cervical, the stellate, and the inferior mesenteric ganglia, 
it seems reasonable to assume that it blocks sympathetic ganglia generally. 
Hence, the blood- pressure lowering effect of injected magnesium ion may be 
ascribed in part to its effect on these ganglia. Other sites of action might, how- 
ever, be important. That the vaso-motor center is probably not particularly 
involved in the hypotensive effect of magnesium ion is indicated by the sharp 
rises in blood pressure after intracarotid injection. The site of this action is 
probably central since it occurred after evulsion of cranial nerves IX through XII. 

The fall in blood pressure might also result from a direct effect on peripheral 
vessels or from a decrease in cardiac output. The observations here reported on 
the spinal cat and on a cat receiving a constant intravenous infusion of epine- 
phrine do not differentiate between these possibilities, hut do indicate that 
magnesium ion does not depend entirely on the central nervous system or the 
sympathetic nervous system in order to cause a lowering of blood pressure. 
Haury (10) found an increase in volume of spleen and kidney in the spinal ani- 
mat after giving magnesium ion intravenously, and from his data concluded that 
it acts locally. Gotsev (11), however, using much larger doses, failed to find 
such changes unless the magnesium ion was injected intra-arterially, and con- 
cluded that the blood pressure fall was due to diminished output of the heart. 
More experimental work is required before the entire mechanism can be clarified. 

CONCLUSIONS 

1. Magnesium ion causes a short-lived blockade of transmission of nerve im- 
pulses through sympathetic ganglia. With comparable concentrations of mag- 
nesium ion conduction in pre- and postganglionic sympathetic nerves is little 
if any affected, but the threshold of electrical stimulation is raised. 

2. Magnesium ion prevents the stimulating effect of acetylcholine and of po- 
tassium ion on the superior cervical ganglion. 

3. Magnesium ion causes a slowing of the heart by blocking the cardioaccelera- 
tor ganglia, but in addition there is a direct inhibiting action on the spontaneity 
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of the heart. Similarly, it causes an inhibition of the nictitating membrane 
contracted by stimulation of the cervical sympathetic nerve by blocking the 
superior cervical ganglion, but in addition there is a direct inhibiting action on 
the nictitating membrane. 

4. The blood-pressure lowering action of magnesium is complex. It is prob- 
ably not attributable to a central influence. Autonomic blockade," diminished 
cardiac output, and dilatation of vascular beds may be responsible, but the rela- 
tive importance of each is not clear. 

Acknowledgement. The author wishes to express his gratitude to Dr. 
George H. Acheson for his help and advice during this work. ' 
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Aralkyl and alkyl vasoconstrictor amines (1) are in use as volatile bases in- 
corporated into inbalers for nasal decongestion. Not only are the relative merits 
of the two types an open question, but even within the first type to come into 
use, the aralkyl amines, there seems insufficient systematic basis for selection. 
We have concerned ourselves with the latter. 

Consideration of volatility together with known structural requirements for 
reasonable pressor potency — which brackets vasoconstrictor potency — emphasize 
six compounds of the aralkyl class. They arrange themselves into the factorial 
design of table 1. 

Further modification of the phenethylamine type is discouraging. Ring sub- 
stitution or chain hydroxylation would probably cause inadequate volatility. 

The two-carbon phenyl-to-nitrogen linkage is optimal for pressor action in the 
presence of a variety of substitutions (e.g., (1-8)), including the aralkyl 2-imidaz- 
oline series (9). Either aliphatic substitutions heavier than methyl at the 
a-position of the chain (e.g., (5, 6, 8, 10-14)), or carboxylation (3, 15) sharply 
diminishes or abolishes pressor action, except that dimethylation may not mark- 
edly reduce potency (16, 17). Heavier-than-methyl alkylation at the (9-carbon 
may also be non-optimal (16), except that data on /3-dimethyl substitution -were 
not found. Methyl or heavier alkylation of both a- and /3-carbons reduced po- 
tency (16). Secondary amines higher than the N-methyl (1,6 8, 11, 14, 16, 18), 
and tertiary amines (1, 6, 8, 10, 11, 17, 19, 20) have little or no potency. Qua- 
ternary amines are well known to assume different qualities of action. Con- 
version of the /3-carbon to a ketone function apparently reduces pressor potency 
(1, 15, 21) and an ether function between ring and chain abolished it (3). Acety- 
lation of the amine N, or replacement by guanidine, weakens potency (5). 

Consequently, the convenient factorial design into which the six residual com- 
pounds arrange themselves encouraged assembling parallel data on some of their 
properties. Where asymmetric carbon atoms occur the racemic forms were used 
(III to VI). J-Ephedrine was included for comparison. Incidental to the orig- 
inal aims, observations arose concerning the nature of tachyphylaxis. 

Methods. Phenobarbitalized, atrop’mized dogs were used. Arterial pressure was re- 
corded at the carotid artery for pressor potency assay alone; at the femoral artery when 
nasal decongestion and pressor potency or tachyphylaxis were studied simultaneously. In 
the latter case the vagosympathetic nerve trunks were severed to isolate the nasal mucosa 
from central sympathetic influences. Atropinization was depended upon to isolate the 
mucosa adequately from parasympathetic influences. 


1 Preliminary reports, Fed..Proc. 7(1), 1948. 
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The nasal-paranasal bony plcthysmograph was closed off by Jackson's technic (22) 
slightly modified. Mucosal volume changes were recorded quantitatively with a miniature 
spirometer consisting of a small, light-weight, tin ointment cylinder, suspended from a lever 
designed to maintain counterpoise. The seal consisted of water containing a detergent for 
reduction of surface tension. Vertical recording distances were linearly related to volume 
displacements and were calibrated in connection with the nasal system. 

Because of tachyphylaxis and influences of the amines on epinephrine responses, potency 
and duration assays were done in terms of a single injection of experimental amine per 
animal, following a descending dose scale (e/. Chen (23)) of epinephrine hydrochloride pre- 
pared from standard base. In the study of tachyphylaxis repeated doses were administered 
at intervals decreasing by 10-minute steps from 1 hr. to 10 min., the latter repeated several 
times. All injections were made quickly by syringe and needle into an exposed femora! 
vein, in normal saline, 0.1 cc./kgm. Doses and numbers of animals are shown in Table 2. 

TABLE 1 


Six volatile phencthylamines arranged according to N-methylalion and chain- 
carbon melhylalion 


N-MT.TIIYLATIOM 


CHAIN-CAM ON METHYtATION 



None 

O- 1 


Absent 

i 

III 

V 


0-Phenylcthyl amine 

0-Phenyl isopropyl 
amine 

0-PhenyI-n-propyl 

amine 


B.P., 194-196 

(Amphetamine) 

B.P. 104/21 mm. 


M.P., 215-217 

B.P., 203 

M.P., 144-147 

M.P., 138-140 

Present 

II 

IV 

VI 


/3-Phenylethyl methyl 

/S-Phenyh'sopropyl 

/3-Phenyl-n-propyl 


amine 

methyl amine 

methyl amine 


B.P., 85/12 mm. 

(Desoxyephedrine) 

(Vonedrine) 


M.P., 156-157 

B.P., 94-96/18 mm. 
M.P., 134-135 

B.P., 100/14 mm. 

M.P., 145-146 


Note: 


B.P. is boiling point of base in °C; M.P. is melting point of hydrochloride. 
I, II and IV were prepared in these laboratories. 

Ill was obtained from Commercial Solvents Corporation. 

V and VI were obtained from Chemical Specialties Co., Holland, Mich. 

Results 


I. COMPARATIVE PROPERTIES. 

The pressor potency of an amine was defined relative to that of epinephrine, 
according to common practice. For an individual determination, by graphic 
interpolation along a plot of the preliminary epinephrine dose-response scale, a 
dose of epinephrine was estimated which would have given a peak rise in mean 
arterial pressure equal to that given by the experimental amine. The potency 
of the amine relative to epinephrine was taken as the reciprocal ratio of the re- 
spective equipressor doses. For comparisons on a molecular basis, these ratios 
were adjusted according to the molecular weight of the experimental hydro- 
chloride relative to that of epinephrine. 
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TABLE 2 


Comparison oj some properties oj six volatile phenethylamine-typc agents and l-ephedrine 


AGENT 

RELATIVE MOLECULAR 
PRESSOR POTENCY 

(epinephrine = 1) at 
46-178.t 250, and SOQ *»CM./ 

KGM., 12-16 ANIMALS PER 
AMINE 

RELATIVE DURATION 
(EPINEPHRINE « 1) 
AT 250 AND 500 
pGM./KCU., 8-12 
ANIMALS PER AMINE 

INTRAVENOUS 
NASAL DECON- 
GESTANT EF- 
FICIENCY 

(decon g . 
potency/ 

PRESSOR 

potency) 

(EPINEPHRINE 

« 1) AT 46- 
178t pCM./KGM., 
4 ANIMALS PER 
AMINE 

TACHY- 

PHYLAXIS 

AT 174-57 U 

jiGM./KGM., 
2-4 ANI- 
MALS PER 
AMINE 

i-Ephedrine 







COL-CH(OH)- 

0.0055 


5.6 


1.1 

+++ 

CH (CH :) • NH (CH,) 

(0.0039-0.0077) 


(4. 6-6.9) 


(0.15-7.7) 


I. /3-PhenyIethyl amine 

0.0066 


1.5 


0.28 

± 

c,h s -ch.-ch,-nh, 

(0.004A-0.0099) 


(1.3-1. 8) 


(0.15-0.52) 


II. 0-Phenyletfiyl methyl 




* 



amine 

0.0057 


1.2 


0.26 

± 

CsHs-CHj-CHi- 

(0.0041-0.0080) 


(1.0-1. 5) 


| (0.10-0.69)1 


NH(CHj) 







III. (d,l) 0-Phenylisopropyl 


,* : 





amine 

0.0042 


10.5 


3.0 

++++ 

CdL- CH--CH(CHi) • 

(0.0029-0.0061) 


(6.1-18.0) 


(0.66-13.0) 


NH, 




}* 



IV. (d,l) 0-Phenylisopropyl 







methyl amine 

0.0061 


8.2 


0.67 

++++ 

C«H S • CH, • CH(CH,) ■ 

(0.0046-0.00S1), 


(5.9-11.4) 


(0.33-1.3) 


NH(CH>) 







V. (d,I) 0-Phenyl-n-propyl 







amine 

0.0034 


3.2 


0.91 

+ 

C,H,-CH(CH,)-CH,- 

(0.0025-0.0048) 


(2.7-3. 8) 


(0.44-1.9) 


NH, 


, * 


* 



VI. (d,l) 0-Phenyl-n-propyl 







methyl amine 

0.0024 


2.9 


0.52 

+ 

C«H 5 -CH(CH,)-CH r 

(0.0017-0.0034) 


(2. 2-3. 8) 


(0.23-1.2) 


NH(CH,) 








All compounds were studied as hydrochlorides. 

Figures in parentheses are 95% confidence limits computed in terms of experienced 
variance and Student’s "t”. 


The three types of relative values are transformed to their logarithms for statistical 
summarization and analysis. 

* Values within an individual bracket do not differ significantly; see text. 

t Doses of respective amines estimated from the 250 and 500 jigm. dose levels per kgm. 
to be equipressor with 0.19 pgm. of epinephrine per kgm. Preliminary experiments had 
shown this level of epinephrine to be fairly well centered in the nasal decongestant effect 
range. 

t Larger, approximately equipressor doses of respective amines. 

There were strong suggestions that the non-chain-methylated (ethyl) amines 
(I and II) increased in potency relative to epinephrine with increasing dose level, 
whereas the a-methylated (isopropyl) amines (III and IV) decreased (c/. (23, 
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24)) ; but these results (regressions of log potency ratio on log dose) failed to reach 
statistical significance (5% level). Therefore, it seemed most conservative to 
summarize the potency of each amine as a (geometric) mean of potency ratios 
by all three dose levels used, with error expressed as of a single (non-regressive) 
sample but with dose range stated (table 2). 

From analysis (25, 26) of the data according to chain- and nitrogen-methyla- 
tion, only the former influenced potency with statistical significance (F = 12.27, 

TABLE 3 


Pressor ratios on a weight basis (hydrochlorides) , compared with previously reported values 
(various methods and salt-forms) l 


couroiWD 

PRESENT VALUES 

(95% limits) 

CEOM. MEAN OP 
REPORTED VALUES 

(R*n$c) 

*£ TERENCE 

f-Ephedrine 

0.0050 

( (0.003&-0.0070) 

’ 

0.0035* i 

(0.0016-0.0068) 

(16, 23, 28) to (32) 

I. 0 -Phenyl ethyl amine 

1 

0.0077 

(0.0051-0.0116) 

0.0107* 

(0.0055-0.0240) 

(5,7,28,33) 

IX. 0-Phenylethyl methyl! 
amine 

0.0059 

(0.0042-0. 0082) 

(1 to = I) 

(1,5) 

III. 0-PheDylzsopropyl 
amine 

0.0043 

(0.0029-0.0063) 

0.00331 

(0.0016-0.0071) 

(5,6,28,32) to (36) 

IV. /3-PhenyIzsopropyl | 
methyl amine 

0.0060 

(0.0045-0. 00S0) 

0.00161 

(0.0007-0.0036) 

(14, 35, 36) 

' 

V. /3-Phenyl -n-propyl 
amine 

0.0035 

(0.0025-0.0049) 

0.0015 

(0.0010-0.0020) 

(5, 16, 17, 35) to (37) 

VI. 0-Phenyl -n-propyl 
methyl amine 

0.0024 

(0.0017-0.0033) 

0.0022 

(0.0016-0.0040) 

(16, 17, 36) 


* In addition, the original work of Chen el al. (11, 38, 39) placed f-ephedrine less potent 
than I. 


■f Hartung and Munch (4) thought III equal to X, and Hauschild (8) placed it above 
f-ephedrine. 

t Others have ranked IV as approximately equal to f-ephedrine (40), or equal (6) to or 
ess (8) than III. 

1 

2 and 69 degrees of freedom). The ^-methylated (n-propyl) amines (V and VI) 
were significantly less potent than the ethyl or isopropyl (F = 22.75 and 12.55, 
1 and 69 degrees of freedom). Difference between the ethyl and isopropyl 
failed to reach significance (F = 1.51, 1 and 69 degrees of freedom). There was 
a suggestion that N-methylation varied in its influence according to chain methyl- 
ation, possibly decreasing potency of the ethyl and n-propyl, and increasing (or 
decreasing less) that of the isopropyl amines; but this, too, failed to reach signifi- 
cance (interaction; F = 2.82, 2 and 69 degrees of freedom). 
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The entire group of compounds was of a similar order of potency — so many 
thousandths of epinephrine on a molecular basis. Alles (27) and others have 
pointed out the fictitious accuracy of unqualified pressor values. Not only 
absolute and relative, but even rank values depend upon species, destruction of 
central nervous system vs. anesthesia, nature and depth of anesthesia, dose- 
level, and individual test animal. Differences in qualitative patterns of cardio- 
vascular actions among the pressor amines and between them and epinephrine 
are implied. Table 3 will suffice to relate our results with values located in the 
literature. A study of the table emphasizes the need for definition of experi- 
mental conditions and statistical evaluation of data. 

Duration of pressor effect was measured in terms of time from beginning of pres- 
sure rise to the point at which half-recovery had occurred — a sort of half-life 
of effect chosen to avoid the vagueness, and in the case of durable actions the 
great delay entailed by ‘complete’ recovery. Such a measure was also expected 
to be less dependent upon dose used. The ratio of a half-life to that of the (inter- 
polated) epinephrine response of equivalent height was called the relative dura- 
tion. It was necessary to compute these duration ratios from data at the two 
higher dose levels only, because at the low (adjusted) doses the half-life of the 
equipressor epinephrine response frequently ended on the descending limb of the 
well-known initial ‘spike,’ a characteristic not representative of the experimental 
amines. 

The results are summarized in table 2. From analysis of the relative durations 
according to (a) dose, (b) N-methylation, and (c) chain-methylation, as in the 
case of potencies, only influences of chain-methylation were statistically signifi- 
cant (F = 97.6, 2 and 33 degrees of freedom). The isopropyl amines were most 
durable, the n-propyl were intermediate, and the ethyl least. Differences be- 
tween the ethyl and isopropyl, ethyl and n-propyl, and isopropyl and n-propyl 
were all significant (F = 194.0, 36.44, and 62.27, 1 and 33 degrees of freedom). 
There was a consistent suggestion, failing to reach statistical significance, that 
N-methylation reduced duration (F = 1.74. 1 and 33 degrees of freedom). 

There was no apparent relationship between potency and duration of action, 
although metabolic disposal must have a minor hidden influence on manifest 
potency. The more potent amines, the ethyl and isopropyl, were respectively 
least and most durable. The less potent n-propyl amines were intermediate 
in duration. 

Intravenous nasal-decongestant potency was determined in a manner analogous 
to that of pressor potency except that the experimental response was matched 
against the scale of epinephrine decongestion, recorded simultaneously with pres- 
sor responses (fig. 1). The ratio of relative decongestant potency to relative 
pressor potency determined simultaneously in a given animal was considered a 
better-controlled quantity than the decongestant value as such. This amounts 
to relative efficiency of the amine as a decongestant, referred to its over-all pressor 
action, with epinephrine’s efficiency set at unity (table 2). 

Both chain-methylation and N-methylation significantly influenced deconges- 
tant efficiencies (F = 15.83, 2 and 18 degrees of freedom; and F = 8.75, 1 and 
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18 degrees of freedom). The least efficient were the ethyl amines (I and II). 
The r!-propyl compounds (F = 10.14, 1 and 18 d.f.) and the isopropyl (F = 
31.46, 1 and 18 d.f.) were considerably more efficient, the latter significantly 
more so than the former (F = 5.8S, 1 and 18 d.f.). In general among the 6 
compounds, the secondary amines were less efficient than the primary, with a sug- 
gestion that the inferiority resulting from N-methylation varied in amount ac- 
cording to chain-methylation (interaction; F = 2.88, 2 and 18 d.f.). 

It is understood that inferences regarding relative mucosal vasoconstriction 
are subject to the reservation that central venous pressure was not controlled. 
If one cares to assume that relative differences in venous pressure nt peak effect 


WUCOSAL VOUJUf 


cc 

-1° 


pCM/RCH 


Oil 

ErmOHRiHt 


art ftcu/Ktu 
AUtHt HOXHO 



Fig. 1. Experiment Illustrating Simultaneous Determination op Pressor and 
Nasal Deconcestant Potencies 

Dog, male, 14.5 kgm., anesthetized with sodium phenobnrbital and atropinizcd. Vago- 
sympathetic jicrves cut. Several 2 pgm./kgm. injections of epinephrine (as HC1) precede 
the section of record shown, for establishing uniformity of response. Responses are subse- 
quently plotted against logarithm of dose and epinephrine equivalents of the test injection 
determined by interpolation. 


were unimportant in determining relative mucosal shrinkage among the amines, 
then the decongestion efficiency may be considered as presumptive evidence of 
intravenous nasal mucosal vasoconstrictor efficiency. It is interesting that the 
amine which is indicated to be most efficient — the isopropyl primary amine (III, 
d, (-amphetamine) — has had a long-established use as a volatile nasal deconges- 
tant. Conversely, the two ethyl amines (I and II) were significantly less efficient 
than epinephrine, and although potent general pressor agents and perhaps the 
‘oldest’ pharmacologically of the group, they' are not used clinically. 

The data suggest that the commercially unexploited primary amine (V) of 
the n-propyl pair may be a more efficient decongestant than the secondary amine. 

Tachyphylaxis was very little more evident with the parent amine (I) and its 
N-methyl derivative (II) than with epinephrine (1.37 pgm./kgm.) in either the 
rise in blood pressure or nasal decongestion. Effects tended rather to increase 
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than decrease during'a large part of the experimental period. There was a vari- 
able tendency toward diminishing effect during the last few short-interval in- 
jections. The conflicting reports on tachyphylaxis (and duration of action) of 
phenethylamine found in the literature (5. 7, 27, 28, 33) may perhaps be explained 
in terms of dose and time interval ( vide infra). 

The two n-propyl compounds (V and VI) exhibited evidence of tachyphylaxis 
at the 5th to 6th injection, at the 20-min. or first 10-min. interval, or about 3J 
hours after the first injection. That is, the experimental design was just ade- 
quate for demonstration of definite tachyphylaxis in these two. No difference 
between the primary and secondary amine was apparent. 

The two isopropyl compounds (III and IV) presented the third pair of similar 
behaviors. As expected from well-known properties of both of them, tachyphy- 
laxis was markedly apparent even at the second injection, though separated by 
a 1-hr. interval from the first. Succeeding injections brought responses down 
at a decreasing rate nearly to zero at the 10th injection, 4 hrs. from the first. 
Initial falls in pressure preceded the rise from the second to fourth injection on- 
ward, and only the fall was notably present at the end. 

Z-Ephedrine was less precipitously taehyphylactic as regards its pressor action 
than the non-/3-hydroxylated isopropylamines (III and IV). There was still 
a 20-23 mm. Hg pressor action at the 10th injection. 

There was a striking parallelism of tachyphylaxis in pressor and decongestant 
responses, as illustrated in figure 2. It Is now known that tachyphylaxis to ephe- 
drine and related isopropylamines is not limited to the heart (23, 41, 42, 43), 
but is demonstrable on the composite vascular bed (44, 45), various vascular 
beds (44, 46-49), spleen (50), uterus (19, 47, 51, 52), respiratory control (34), 
intestinal musculature (34, 53, 54), bronchial musculature (39, 41), etc. Tachy- 
phylaxis of ephedrine has previously been observed with nasal decongestion (55). 

Several qualitative experiments showed that the tachyphylactogenic properties 
of ephedrine and of the two (non-hydroxylated) isopropyl amines crossed over 
to influence responses to the n-propyl amines as well as those to themselves, and 
vice versa; and also, that the two n-propyl amines were cross-tachyphylactic, in 
the much lesser degree of their self -tachyphylaxis. Crossed tachyphylaxis among 
pressor amines and also influences between pressor amines and less closely allied 
agents have been repeatedly described (15, 23, 40, 46, 51, 52, 54, 56), even for the 
(primary) depressor component of action which many exhibit (20). 

Comment. If therapeutic considerations should demand a volatile decongest- 
ant of intermediate duration, intermediate taehyphylactic liability, low degree 
of higher nervous action (8, 16, 57-59), and freedom from liability of systemic 
action (relative facility of metabolic disposal) by mucosal absorption (8, 59-66), 
0-phenyl-n-propyl amine, with or without N-methylation, is of interest. As 
concerns potency, duration, tachyphylaxis, and intravenous nasal-decongestant 
efficiency relative to over-all pressor action, the primary amine seems at least 
as deserving of attention as the secondary. Topical efficiency and local tolera- 
tion would need to be examined directly. Preliminary data suggest that it may 
be the least volatile of the six (under simulated practical inhaler conditions), 
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but not greatly inferior, and this factor may be amenable to pharmaceutical 
adjustment. 



Fig. 2. Tachvphvlactic Responses to d,i-AMPHETAMiNE 

Dog, male, 13.4 kgm., anesthetized with sodium phenobarbital and atropinized. Vago- 
sympathetic nerves cut. Continuous tracing. Dashed arrow in plethysmogram indicates 
adjustment of plethysmograph. Note parallelism of tachyphylaxis in nasal mucosa and in 
o 'Air-all blood pressure, and maintenance of nasal decongestion. 

II. ON THE NATURE OF TACHYPHYLAXIS AND RELATED PHENOMENA. 

It has been mildly polemic (50, 67) whether diminishing effect of repeated doses 
of an agent on a function such as arterial pressure should be termed tachyphylaxis 
when persisting effects of preceding doses are apparent. But such persistence 
-'of change in an agent, or factor of general functional level, must commonly be 
masked by compensatory and/or deteriorative changes in other factors, hence 
rendered non-apparent. This is illustrated in figure 2 where the nasal plethysmo- 
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gram indicates a definitely persistent drug-induced vasoconstriction, uncompen- 
sated in tiie neuratly-isolated mucosa, but, as a blood pressure factor, well- 
compensated for the Organism as a whole and rendered non-apparent in blood 
pressure (excepting the first procedure) . Thus, such polemics lose much funda- 
mental meaning. Indeed, a current hypothesis that tachyphylaxis of pressor 
amines (and certain other agents) basically reflects persistent dynamic blockade 
of biological ‘receptor surfaces’ (51, 52, 68, 69) would inherently require persist- 
ence of the agent, intact or modified. Results such as figure 2 indicate that the 
agent may persist intact to an important degree at least. 

The blockade hypothesis fits the co-existence of metabolic refractoriness (66) 
with more or less manifest persistence of functional effect, duration of action, 
and tachyphylaxis in the isopropylamines. That the blockade may be in the 
nature of a dynamic equilibrium with the receptor material (69), and perhaps 
largely in the form of unaltered agent, is attested toby eventual recovery of large 
proportions or nearly all of the strongly tachyphylactic isopropylamines in the 
urine (66, 70-73). 

It seems reasonable to suppose that the proportion of a population of receptor 
points dynamically occupied by the agent would be in the nature of a statistical 
cumulation according to the agent’s concentration in the cellular environment; 
that is, that there would be a cumulative probability of receptor occupation along 
a dose scale. In view of the nearly normal distribution of most biological 
quanta t effects on the logarithmic scale of agent dose, it seems reasonable that the 
statistical occupation of receptor points might also be normalized on the logarith- 
mic scale of dose. Because of the manner of cumulation of pyramided statistical 
samples (in this case, successive, converging, physico-chemical and anatomical 
levels (74, 75)), the same fundamental form of probability curve might reasonably 
be expected to reflect itself in the relation between measured end-effect, and 
logarithmic dose (74). This principle has, indeed, been found to hold in several 
sets of quantitative data (74, 75). 2 

To test such a manifold hypothesis the effect, as per cent of maximal effect, 
is plotted on a probability scale (or per cent converted to probits (Bliss) and 
plotted linearly) against the logarithm of dose/kgm. To include in the test the 
supposition that progressive tachyphylaxis reflects additive occupation of recep- 
tor points by the agent, ‘effect’ becomes additive effect (addition of effects of all 
preceding injections through the current effect), plotted as per cent of maximum 
effect, and ‘log dose/kgm.’ becomes the logarithm of additive dose/kgm. In 
the simplest case, excretion or other disposal of the agent may be regarded as 
negligible during the course of the acute experiment. However, unless the final 
injection of a tachyphylactic series results in zero effect, the maximal effect has 
not been directly determined and must be arrived at by addition of an estimated 
remainder to the sura of all actual recordings. 

The decongestion plots of figure 3 are visual fits attained by trial and error 
settlement on such remainders. The remainders amounted to 2.7 to 9.7% of 
the resulting estimated maximal decongestion, which seemed reasonably in line 

1 See addendum. 
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with the small effects recorded from last injections. The figure includes all ex- 
periments wherein tachyphylaxis was nearly enough complete to enable such 
estimates; i.e., the cases of the isopropylamines except one ephedrine experiment. 
Blood pressure data fitted the hypothesis with slightly more deviation (from 
linearity), perhaps partly because of the vigor and complexity of compensatory 
mechanisms (74) and resulting distortion of blood -pressure response as a scale 
of measurement of receptor occupation. 

The linear fits are amazingly satisfactory. It seems incredible that the entire 
set of assumptions should have added up to so little deviation from hypothesis 
in all experiments. But perhaps the most incredible assumption is neglect of 
disposal of the agent during the course of the experiment. It can, indeed, be 
shown that with the experimental schedule used, partial loss of the cumulating agent 
between injections would result in some concavity ol the plots, particularly at 
the upper part, caused by recording overlapping segments of the effect range. 
However, it can then be shown that when assumed disposal rates are not in ex- 
cess of about 40% per hour, somewhat enlarging the estimate of maximal effect 
brings the plots to near linearity with no more of the slight, sigmoid deviation 
than exists in any of the experiments (fig. 3). Thus, the small rate of disposal of 
these metabolically stable amines expected in the anesthetized dog is not critical 
to the test of linearity, hence of the other assumptions. Since after selection of 
the maximal effect which gives the best fit, the line is somewhat lower and less 
steep than would be the ideal case with no loss of agent, dose-effect parameter 
estimates cannot be made safely. 

The experimental data strikingly satisfy the basic hypotheses: (a) that the 
pharmacological effect is graded in terms of cumulative probability of receptor 
occupation, accordingto the logarithm of agent concentration; and (b) that tachy- 
phylactic responses merely reflect successive stages of cumulative probability 
of receptor occupation with successive (diminishing logarithmic) increments of 
agent. This becomes more clear with the aid of figure 4, where experiment C 
of figure 3 is plotted with the ordinate scale reconverted to the more familiar 
units of measurement of effect, and where successive response heights are in- 
dicated on the right. 

The question arises as to what influences the hypothesis would predict from 
(a) dose or initial-effect level and (b) degree of metabolic disposal of the agent 
between injections. The experiment of figure 2 (C of figure 3 and the corre- 
sponding extrapolated curve of fig. 4) lends itself to such considerations. It is 
believed to represent an actual case of negligible disposal of agent. Curve C 
of figure 3 is seen to show little or no evidence of the sigmoid deviation which 
disposal would entail (supra ) ; and more critically, the estimated maximal blood 
pressure rise (145 mm. Hg.) giving the best fit for the blood pressure plot appar- 
ently was not exaggerated as would have been the case with overlapping of suc- 
cessive effects along the effect scale if significant disposal had occurred. Con- 
sequently, G of figure 3 and the corresponding curve of figure 4 are believed to 
represent closely the dose-effect relationship for amphetamine in this animal. 
Now, if one assumes various sizes of the dose to be repeated, and, for each dose, 
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various percentages disposal of the cumulated agent between injections, the 
manners of variation in successive responses corresponding to given dose- 
disposal combinations can be predicted quantitatively. This has been done in 
figure 5-A, where a major implication of the hypothesis at once reveals itself; 
viz., that at low dose levels the opposite of tachyphylaxis — a self-potentiation — 
may occur on repetitive administration of an agent such as amphetamine. It is 



log. OF CUMULATIVE ADMINISTRATIONS ipGU /KGM ) 

^ IG i? • Gvvvw.nvz T ackvphylactic Responses Expressed as Percent of an Estimated 
maximal Response, when Plotted on a Probability Scale, Progress in Linear 
Proportion to the Logarithm of Cumulative Doses 

apparent, however, that the level of dose or initial-effect at which self-poten- 
tiation would be expected is so low, and the phenomenon itself so mild (even 
nith zero disposal), that it would ordinarily be confounded with experimental 
error and only tachyphylaxis would be noteworthy for the drug. 

Another question arises, as to the predicted influence of steepness of the curve 
relating receptor occupation with logarithmic dose; that is, compactness of prob- 
ability range of agent-receptor engagement. The dotted curves (H) of figures 
d and 4 represent a hypothetical agent-receptor system with a doubly compact 
range, or doubled probit-effect-on-log-dose slope. Figure 5-B sets out the pre- 
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dictions concerning repetitive injections for initial-effect levels and percentages 
of disposal corresponding to those of figure 5-A. The hypothetical influences of 
increased dose-effect slope are striking. Self-potentiation is now large, and oc- 
curs at high enough effect levels that it would not be lost experimentally. It 
is particularly marked and persistent if one hits upon an optimal per cent dis- 
posal, which increases with dose-effect level. Tachyphylaxis, too, (at the higher 



CUMULATIVE DOSES (357 pGM./KGM./DOSE FOR "C* ) 

Fig. 4. ‘ 1 C” of Figure 3 (from experiment of Fig. 2) Re plotted on the More Familiar 

Ordinate Scale 

Solid portion of curve is actual experimental range (Fig. 2 and 3); dashed portions are 
extrapolations according to normal probability. Successive responses represent successive 
segments of cumulative probability of receptor-substance engagement according to loga- 
nthm of cumulative dosage. Compensatory and/or deteriorative factors may more or Jess 
restore original functional level between administrations, as in arterial pressure of figure 2 . 
There was evidence that disposal of agent between injections was negligible in this experi- 
ment (see text). 

initial-effect levels and lower disposal rates) is more pronounced although more 
liable to be preceded by self-potentiation. 

Such requirements of the hypothesis can be tested, and, in the testing, qual- 
ifying phenomena will undoubtedly emerge. The concept meets certain general 
tests present in these experiments and in the literature. It has been clear since 
Chen’s work (76) that accentuation of tachyphylaxis depends importantly on 
size of dose and interval between injections. The latter is one factor determining 
the percentage disposal between injections ( cf . fig. 5). Chen (76, 77) also ob- 




A .--Hypothetical series of responses to repeated administrations of uniform dose com- 
puted from experiment of figure 2 ("C” of Fig. 3 and 4) for various dose (or initial effect) 
levels and various degrees of disposal of agent between administrations. 

B.— Same for a hypothetical agent-receptor system with more compact probability range 
of engagement ('* H” of Fig. 3 and 4) . 

Note the kaleidoscopic manner in which amount of self-potentiation t’s. amount of tachy- 
phylaxis are expected to vary according to (a) compactness of probability range charac- 
gristle of the agent-receptor system, (b) dose, (c) disposal between administrations (rate 
of disposal and time between injections), and (d) number of injections. 
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served that small repeated doses (c.g., 1 mgm./dog) of ephedrine result in 
(summated or non-summated) approximately equal effects, following which a 
large dose gives a large effect (c/. first 2 or 3 initial-response levels of fig. 5-A). 
Size of dose, etc., might explain Chen’s (23) early lack of evidence of tachy- 
phylaxis from ephedrine on uterine strips. It is not surprising that at border- 
line doses of various isopropylamines the evidence for or against tachyphylaxis 
has appeared different to various workers (6, 40, 46, 55, 78-80). The outcome for 
a given drug would depend partly on the number of injections made (cf. fig. 5). 

Another early observation on ephedrine (45) was that the difference between 
the first and second response was greater than differences among subsequent 
responses. This has been a common expereince with isopropylamines, repeated 
in the present work. Inspection of figure 5-A predicts it for the moderate to large 
doses commonly used to demonstrate tachyphylaxis, but not for small doses. 
However, with steeper dose-effect relationships {c.g., fig. 5-B), it would not be 
true except for still larger doses, and then provided that no greater than a certain 
percentage disposal occurred between injections. The greatest evidence of dis- 
posal of agent between injections in the present isopropylamines occurred with 
ephedrine, in the form of the greater sigmoid deviation from linearity in figure 3 
and seemingly exaggerated total effects ( cf . also shorter average duration of ef- 
fect, table 2). Even though this would result in a diminished apparent log 
dose-probit slope {vide supra), the ephedrine slope remains greater than for the 
non-hydroxylated isopropylamines (fig. 3). Greater true dose-effect steepness 
together with a perceptible rate of disposal might be expected (cf. fig. 5) to lead 
to less precipitous tachyphylaxis at a given initial-effect level, as was actually 
observed, and also to chances of less difference between first and second responses 
than between second and third, which actually occurred in all blood pressure 
series and one of the nasal decongestant series with ephedrine. 

With a steep dose-effect relationship, repetition of a moderate dose could yield 
a doubly-flexed course of tachyphylaxis which may or may not be preceded by 
self-potentiation (fig. 5-B), depending on disposal between injections and actual 
dose. In the present experiments there was indeed evidence of self-potentiation 
for several injections with the two phenethyl amines (I and II) and the n-propyl 
amines (V and VI). Only after several injections and/or decreasing interval 
did the responses decrease, particularly in the latter two cases (V and VI). 
This suggests, back through the hypothesis, a steeper dose-effect relationship 
for I, II, V, and VI than for the isopropylamines, which recalls suggestive evi- 
dence of the same from the pressor assays. Many laboratories must have filed 
experiments in which a series of ep'nephrine responses at short intervals in- 
creased and then reached a plateau (cf. fig. 5). Also, diminishing responses 
with very large doses of epinephrine, particularly if closely spaced, are not un- 
expected either in practice or from present theory. 

The literature contains many observations on augmentation or diminution of 
response to a pressor amine (or other agent) by administration of another pressor 
amine (or other agent). It is suggested that quantitative study of these effects 
from the view of the present concept will aid in determining whether there is a 
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statistical correlation between receptor-points of test agent and interfering agent 
(81), and otherwise add insight into modes of action. For example, moderate 
doses of certain isopropylamines enhance epinephrine responses while very large 
doses diminish or nearly prevent them (52, 54, 69), suggesting such correlation. 

Reversal of effects would be regarded as selective influence on one of two or 
more receptor-point populations, as already proposed by others. 

The present concept renders the phenomena of tachyphylaxis, cross-tachy- 
phylaxis, self-potentiation, cross potentiation, and passive interference, perhaps 
to varying degrees, kaleidoscopic manifestations of varying patterns of receptor- 
point occupation according to concentrations, inherent average affinities, rates 
of disposal, time intervals, steepnesses of probits of receptor occupation according 
to relative dose, and the numbers of administrations. 

The idea is non-committal as to whether the action (hence receptor popula- 
tion) is directly on the effector cell or indirectly, e.g., on an enzyme whose inac- 
tivation would cause manifestation of latent action of a physiological agent 
(epinephrine (61, 68)), or both. 

It seems that such thoughts will be of interest in such widely varying fields as 
those of the opiates and of antigen-antibody reactions. Development of ‘tol- 
erance’ to opiates may be closely analogous to tachyphylaxis of pressor agents. 
The basis of physical addiction may be fundamentally similar to the mechanisms 
which tend to restore blood pressure to “normal” between tachyphylactogenic 
injections of a cumulating pressor agent; namely, appearance of compensatory 
and/or deteriorative functional factors, more or less completely keeping pace 
with and hence annulling the cumulating direct functional influences of the 
opiate. ‘Withdrawal’ phenomena may reflect more or less of the masking pat- 
tern left unopposed by more rapidly receding direct effects of the agent. Thus, 
whether withdrawal phenomena are definite, as with the opiate, or debatable, 
as with amphetamine (82), would depend importantly on definiteness or de- 
batableness of disparity in recessions of direct and indirect (masking) patterns 
of effects. The quality and temporal course of withdrawal phenomena would 
depend importantly on the quality of direct and reaction (masking) patterns of 
effects. Even though the primary therapeutic action of two agents such as 
morphine and methadon may be very similar, and even though extensive tol- 
erance may develop to that action in either case, the patterns and sites of direct 
side-effects and their reactions may be responsible for strikingly different with- 
drawal phenomena (83). 


SUMMARY 

1. The hydrochlorides of phenethylamine, its alpha- and beta-methylated 
derivatives, and the three corresponding N-methyl compounds were studied 
alone with 1-ephedrine in phenobarbitalized, atropinized dogs. Racemic forms 
were used where asymmetry occurred in the former six. 

2. Average pressor potency (46-500 jigm./kgm. dose level) on a molecular 
basis ranged within the same order of magnitude for the 7 compounds. The 
beta-methylated compounds were significantly less potent than the others. 
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3. Intravenous nasal-paranasal decongestant action (4&-178 pgm./kgm. 
level) was recorded volumetrically with vago-sympathetic nerves cut. Decon- 
gestant efficiency was defined as the ratio of decongestant potency to pressor 
potency as determined against respective epinephrine scales from a common 
set of injections — an efficiency index with epinephrine set at unity. The parent 
amine and its N- methyl derivative were least efficient (significantly less than 
epinephrine), the beta -methylated intermediately, and the alpha-methylated 
most. In general, the primary amines were more efficient than the secondary. 
Inferences concerning nasal vasoconstrictor efficiency can be made with reserva- 
tions. 

4. Durability of action was measured in terms of time from beginning of effect 
until recession to half- value. Its ratio to the same measure of the equipressor 
epinephrine response was termed the relative duration and was satisfactorily 
independent of dose level. Tachyphylaxis was studied systematically by 
repeated injections at decreasing time intervals of approximately pressor- 
equivalent doses (174-571 pgms./kgm.). The non-chain-methylated amines 
were least, the beta-methylated amines intermediately, and the alpha-methyl- 
ated compounds most durable and tachyphylactic. Z-Ephedrine was somewhat 
less durable and less precipitously tachyphylactic than the non-hydroxylated 
isopropylamines. 

5. The tachyphylactic responses were found to fit with quantitative precision 
the hypothesis that they represent successive (more or less overlapping) stages 
of cumulative normal probability of receptor-point occupation by the agent, 
according to the logarithm of its cumulative concentration. Tachyphylaxis 
and self-potentiation seem to an important extent to be complementary phe- 
nomena, critically dependent upon the dose or initial probit-effect level, the 
steepness of the log. dose-probit effect curve (compactness of probability range 
of agent-receptor engagement), the rate of disposal of the agent, the time interval 
between injections, and the number of injections made. The over-all level of 
the function being cumulatively influenced by the agent may more or less com- 
pletely return to the initial between injections, as in the case of the vigorously 
compensated cardiovascular system as a whole, or may not, as in the vascular 
bed of the neurally isolated nasal mucosa of the present experiments. 

ADDENDUM 

Among sets of data studied while considering the statistical concept of gradation 
of ‘quantitative’ biological effect (74) was that of Wells etal. (ref. 37 of (74)) on the 
depressor action of histamine and its antagonism by diphenhydramine hydro- 
chloride. The log dose-probit fits were satisfactory. It is therefore interesting 
that Graham, Chen et al. (This Journal, 92: 90, 1948) have now found the 
probit-regression applicable to quantitative actions of these same agents on 
isolated ileal strips. While Chen tentatively considered this to favor the ‘all-or- 
none’ theory of smooth muscle contraction, he agrees (personal communication) 
that the ‘probit’ concept of ‘quantitative’ response accommodates ‘unitary’ grada- 
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tion at levels beyond the initial physico-chemical level, so that a choice between 
‘all-or-none’ and graded action of units at any such level is unnecessary (74). 
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The assay of digitalis by the intravenous infusion in anesthetized cat as 
described in the U. S. Pharmacopoeia has been generally considered satisfactory. 
This method yields concordant and reproduceable results in the various labo- 
ratories where it is utilized (1). Gold and coworkers (2) have demonstrated 
that the results of the U.S.P. cat assay paralleled those of the human assay. 
However, it has become increasingly difficult to obtain cats and their cost is 
considerable. 

In order to find a laboratory animal which might be substituted if necessary 
for the cat, the rabbit, guinea pig (3) and pigeon have been used in this labo- 
ratory. Of these, the pigeon has given the most satisfactory' results. TVe 
were led to investigate the practicability of using this species for the assay of 
digitalis for several reasons. In the pigeon, we have an experimental animal 
which is abundant and readily available in all parts of this country and it is 
one of the least costly of all laboratory' animals. 

Hanzlik in 1929 (4) while working on pigeons demonstrated that the minimal 
fatal doses of the majority of his assays on various tinctures of digitalis agreed 
remarkably well when cats and pigeons were used. 

In 1934, Haag and Woodley (5) described an intravenous pigeon method. 
They found that the minimal lethal dose per pigeon is 25% higher than that 
for the cat. They stated that the results of the pigeon method agreed favorably 
with those obtained by the Hatcher-Brody cat method. 

Since the publication of the papers of Hanzlik and of Haag and Woodley the 
procedure for the standardization of digitalis has changed materially and the 
precision of the method has been increased. 

Since the minimum lethal dose for the same preparation has been found to 
vary in different batches of cats the term "cat unit” is now seldom used as a 
criterion of digitalis activity. This variation led to the adoption of a standard, 
the U.S.P. Digitalis Reference Standard, (1942), which is now used for the de- 
termination of the relative potency of various digitalis products not only in the 
case of the cat method but also in methods using other species. 

The accuracy of the method has been improved by calculating the injection 
rate on the basis of the weight of the animal. The rate of injection is unquestion- 
ably of great importance and contributes to the agreement in results which 
can now be obtained by various laboratories. 

A more precise evaluation of the accuracy of this method has been obtained 
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by the application of statistical analysis to the results of the assay in order to 
determine the consistency of the animals utilized in the assay. 

Method. The procedure which was used in the intravenous pigeon method waspat- 
terncd after that described for the assay of digitalis in the U. S. Pharmacopoeia. 

Adult pigeons of either sex weighing between 27S and 450 grams were selected at random. 
Birds which on gross examination appeared malnourished and emaciated were not used. 
In the course of this work three breeds of pigeons, namely, White Kings, Homers, and Com- 
mon Barn Pigeons were utilized. No difference in susceptibility to digitalis was detected 
among these breeds. The pigeons were kept in the laboratory' for a week before use on a 
commercial pigeon feed with an adequate supply of water and grit. The birds were fasted 
for 18 to 28 hours. On the day of the assay the pigeons were immobilized with ether, were 
accurately weighed and tied to suitable boards. The alar vein was exposed and cannulated. 
The cannula consisted of a blunted 22 gauge hypodermic needle which was inserted in the 
vein and tied into place. The arrangement was made to inject the appropriate test solu- 
tion from a 10 cc. microburette calibrated to 0.1 cc. Very light ether anesthesia was main- 
tained throughout the assay. 

The solution to be assayed was diluted in such a way that the estimated fatal dose of 
the preparation per kilogram was diluted to 15 cc. with 0.9% sodium chloride solution. 
When the average death time fell outside of 60 to 90 minutes a new dilution was prepared. 
It should be noted here that since the pigeon is slightly more resistant to digitalis than the 
cat more tincture per 100 cc. will be required. We have found that for digitalis an addi- 
tional one cc. of tincture per 100 cc. of test solution will suffice. 

The diluted tincture was injected at a rate of 0.1 cc. per 100 grams of pigeon at 5 minute 
intervals until cardiac arrest supervened. Injections were made within a few seconds. 
Death in the pigeon as in the cat is of a typically circulatory nature. There is cardiac stop- 
page followed by dyspnoea, convulsions and death. The end point in pigeons is very sharp. 
At least six pigeons were used for each preparation to be assayed. We adhered to the 
U.S.P. requirement of a standard error of not over ±5.7%. Six to eight pigeons were usu- 
ally sufficient to come within this figure. 

To date, we have completed the assays on 30 preparations of digitalis by both the intra- 
venous pigeon method and the U.S.P. cat assay. Assays were made simultaneously by the 
two methods or at the most within two days of each other. When the sample was not al- 
ready in liquid form enough tincture was prepared from it so that a single batch could be 
used for both the pigeon and the cat assays. For this study, we selected for assay at least 
one sample of the various types of Digitalis purpurea preparations on the American market. 

_ Included also are two preparations of Digitalis lanata which were assayed against the U.S.P. 
Digitalis Reference Standard (1942). 

With the exception of Powdered leaves A and B, all the other preparations were samples 
collected as part of the regulatory activity under the Federal Food, Drug, and Cosmetic 
Act. Powdered leaf A is the International Standard (1936); Powdered leaf B is the New 
York Heart Association Powder No. 7. The latter is an atypical powder in that it yields 
a potency of 57% by the frog method, 62% by the intravenous guinea pig method and 85% 
by the U.S.P. cat method. 

Results. The results of the assays on the 30 preparations are summarized 
in Table I. 

Inspection of the data in this series of assays reveals that the results obtained 
by one method are not consistently higher than the results obtained by the 
other method. Statistical analysis confirms this impression. This is in contrast 
to the data reported by Braun and Miller (6) in which the frog method of assay 
generally showed lower potencies than the cat method when the U.S.P. Reference 
Digitalis Powder was used as the standard. 
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TABLE I 


A comparison of the potency estimates of various digitalis preparations by Pie pigeon and 

U.S.P. cat method 


TYPE Of PREPARATION 

PREPARATION | 

PERCENTAGE POTENCY 

| Pigeon Method j 

| U.S.P. Cat Method 

Digitalis purpurea 


Powdered Leaves 

A 

89 

97 


B 

85 

85 


C 

110 

103 


D 

117 

105 


E 

112 

109 


F 

102 

92 


G 

95 

100 

Capsules 

A 

104 

118 


B 

100 

101 


C 

103 

108 


D (oil) 

86 

90 

Tinctures 

A 

98 

93 


B 

77 

85 


C 

91 

101 


D 

134 

120 

Tablets 

A 

70 

68 


B 

104 

96 


C 

91 

92 


D 

89 

97 

* 

E 

92 

95 


F 

95 

107 


G 

99 

107 

Enteric Coated Tablets 

A 

86 

90 


B 

65 

63 

Pills 


90 

94 

Powdered Extract 

A 

70 

73 


B 

77 

85 

Purified glycosides 


79 

S3 

Digitalis Ianata 

Powdered Leaves 


236 

250 

Tablets 


107 

108 


iablc II gives the distribution of the percentage difference between the 
results obtained by the intravenous pigeon method and the U.S.P. cat method. 
Examination of this table reveals that in the majority of assays the differences 
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are- ± 12% or less. The exceptions are Capsule A in which the results differ 
by 13.6% and Tablet F in which the difference is 12.3%. Powder B which 
gave discordant results by the frog and the guinea pig methods showed perfect 
agreement between the pigeon and the U.S.P. cat methods of assay. 

The data obtained in the present experiments suggest that the fatal dose of 
digitalis for pigeons may be less variable than that for cats. The fatal dose of 
the U.S.P. Digitalis Reference Standard (1942) determined on CO pigeons was 
found to have a coefficient of variation of 10.4% while the comparable figure 
for 60 cats was 12.9%. This latter value is in surprisingly close agreement 
with the figure of 13.03% reported by de Lind van Wijngaarden (7). 

In a series of 15 assays of the U.S.P. Digitalis Reference Standard (1942) 
completed on cats between December 1946 and July 1947, the minimal lethal 
dose varied from 74.25 to 99 mgm./kgm., a difference of 33%. For the pigeons, 
10 assays of the U.S.P. Digitalis Reference Standard (1942) varied from 87.75 
to 100.75 mgm./kgm., a difference of approximately 15%. In no case in which 

TABLE II 


Difference in percentage between the results of the pigeon and the UJS.P. cat assays 


PERCENTAGE DIFFERENCE BETWEEN PIGEON AND U.S J\ CAT 
ASSAY RESULTS 

NO. Or PREPARATIONS 

0. 0-2.0% 

5 

2. 1-4.0% 

4 

4. 1-6.0% 

8 

6. 1-8.0% 

1 

8.1-10.0% 

4 

10.1-12.0% 

6 

12.1-14.0% 

2 

Over 14% 

0 


the U.S.P. Digitalis Reference Standard (1942) was assayed with pigeons was 
it necessary to use more than G birds to come within ± 5.7% standard error 
requirement of the U.S.P. In the majority of assays of the U.S.P. Digitalis 
Reference Standard (1942) on cats more than 6 cats -were needed to yield this 
figure. It -would seem from these data that not only are the results of the 
separate assays on pigeons more consistent but various batches of pigeons vary 
less than various batches of cats. 

The average number of milligrams required for the U.S.P. Digitalis Reference 
Standard (1942) on pigeons was 96.22 mgm./kgm. as contrasted -with 84.83 
mgm./kgm. for the cat assay, a difference of 13.4%. Haag and Woodley (5) 
have reported a 25% difference using the Hatcher-Brody method. 

Discussion. Statistical analysis of the potencies of digitalis preparations 
as determined by the cat and pigeon methods reveals that there are no significant 
differences between them. Since Gold and coworkers (2) have demonstrated 
thilt the results of the U.S.P. cat method paralleled assays on humans, it is to be 
expected that the results of the pigeon method would show a similar agreement 
with the human assay. 
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One of the advantages enjoyed by the cat method over other biological methods 
is the simplicity 'of the technique involved. It can be stated that the technique 
of the intravenous pigeon method is no more difficult or time-consuming than 
the present U.S.P. method. 

Perhaps the most common objection voiced to the performance of the cat 
method is the present scarcity of cats in certain sections of this country. In 
the pigeon we have an experimental animal which is abundantly distributed 
and available in all parts of the United States. 

The pigeon is one of the cheapest of all experimental, animals; in fact, the 
cost of the intravenous pigeon assay is only a fraction of the cost of the cat 
assay. At the present price of pigeons we are able to do a complete assay on a 
preparation for less than the cost of a single cat. 

CONCLUSIONS 

1. A method for the assay of digitalis by intravenous infusion into pigeons is 
described. It is based on the present U.S.P. method for the assay of Tincture 
of Digitalis. 

2. The potency estimates of 30 digitalis products obtained by this method 
varied in no case by more than 13.6% from those obtained by the present U.S.P. 
method. The average deviation between the two methods was n'ot significantly 
different from zero. 

3. The coefficient of variation of the lethal dose of digitalis for the pigeon 
in our tests was 10.4% as contrasted to 12.9% for the cats. 

4. Preliminary investigation reveals that not only are pigeons more con- 
sistent in a given assay than are cats but various batches of pigeons seem to 
vary less from each other than various batches of cats. 

We are greatly indebted to Dr. B. J. Vos for his interest and helpful criticism. 
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In view of current interest in papaverine and theophylline preparations in 
therapy of coronary disease, a molecular association compound (1, 2) of the two 
basic drugs, hereafter called D-104, was subjected to pharmacological investi- 
gation. Questions needing study concerned possibilities of mutual facilitation 
by the two moieties in coronary vasodilatation, of an advantageous combined pat- 
tern of side actions, and of a more elastic therapeutic range. Actually, it soon 
became apparent that the compound’s main interest lay in its provision of a 
somewhat unique circle of comparisons of its constituents, rather than in its own 
therapeutic promise. 

Methods. The quickly isolated, beating rabbit heart was perfused via the aorta against 
closed aortic valves (method of Langendorff), with Ringer-Locke solution (0.03% NaHCOj) 
saturated with oxygen and maintained at constant temperature (36°-3S“C.) and pressure 
(co. 71 cm.). Ventricular contractions were recorded kymographically. The rate of coro- 
nary perfusion was measured by collection of the outflow in a graduated cylinder for one- 
minute periods, rccofded at intervals of 1.5 minutes on the kymographic time record. In 
one of the experiments the left ventricle was incised to allow escape of small fluid accumula- 
tions and in two experiments such accumulations were drained away separately through a 
small steel cannula and light tubing (3). A negligible Thebesian return and variable aortic 
valvular leakage arc represented in such left-side accumulations. Injections of the warmed 
drug solutions were made with a small syringe and needle through the wall of a short seg- 
ment of rubber tubing connecting the cannula with the system. Solutions were rendered 
equivalent in total ionic concentration by means of NaCl. 

The ratio of the dilating potency of one drug to that of another was computed as the 
reciprocal ratio of respective doses required to give equal peak increases in flow (response 
ratios of unity). Two drugs were injected alternately. The response ratios were calcu- 
lated by comparing an actual response to one drug, A, with a hypothetical response to the 
other, B, arrived at by interpolation over time between an actual response to B just pre- 
ceding and one just following A, with alternation in status of the drugs in the calculations. 
In this manner degradation in sensitivity of the preparation and non-linearity of such 
degradation were controlled. While valvular leakage might have altered the dose ratio- 
response ratio slope, hence precision of comparison in the experiments where it was not col- 
lected separately, it would not be expected to have biased the statistical comparison at 
unity response ratio. Results are derived from 70 injections in 6 preparations. Peak in- 
creases in flow ranged from 0.5 to 11.2 cc./min., mean 5.2 (4.1 to 165 per cent, mean 48.7 
per cent of current basal flow rates). 

Groups of white mice (ca. 20 gm. body weight) were injected intraperitoneally with 
graded doses of 2 per cent solutions of D-104 or of papaverine hydrochloride for comparison 
of acute lethal toxicitics. 

Dogs anesthetized with phenobarbital were used for comparison of the acute cardiovas- 
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cular and respiratory effects of the drugs. Femoral arterial pressure was recorded with 
the conventional mercury manometer. Respiratory rate and a qualitative index of changeB 
in depth (tracheal air velocity) were recorded by means of a side-tube arrangement (modifi- 
cation of Pfeiffer and Moore’s (4) device). Heart rate was recorded electrically with a 
Junior Garceau Electroencephalograph fitted with a special voltage adaptor. 1 

Results. I. Relative coronary vasodilatation •potencies. 

A. D-104 vs. theophylline. From semi-quantitative preliminary experiments 
with aminophylline (U.S.P.) vs. D-104 it was estimated that 10 to 20 times as 
much theophylline as D-104 would be required for equivalent increases in per- 
fusion flow through the coronary bed of the isolated heart. Therefore 20 ft gm. 
of D-104 and 400 pgm. theophylline (U.S.P.) were alternately injected. Re- 
corded effects on the myocardium were very small or absent. 2 

The (logarithmic) mean perfusion response-ratio was 0.93 at this dose-ratio of 
1 to 20 (D-104 relative to theophylline). The 95% confidence range of the ratio 
was 0.73 to 1.18. Doubling the amount of D-104 (dose-ratio of 1 to 10) yielded 
a response-ratio of 1 .21 suggesting sensitivity of the preparation to dosage. That 
D-104 is many times as potent as its one constituent, theophylline, was thus con- 
firmed. As a rough estimate from such an experiment, the potency-ratio would 
lie between 10 and 20 by weight, or ca. 25 and 50 on a molecular basis. 

The question arises as to whether these results arose from mutual potentiation 
of theophylline and papaverine in the compound, or from papaverine being many 
times as potent as the theophylline. The first test of these alternatives was a 
comparison of D-104 with its other constituent, papaverine. 

B. D-104 vs. papaverine hydrochloride. In 3 experiments, 21 response-ratios 
corresponding to dose-ratios of 0.7 to 1.7 as much D-104 as papaverine hydro- 
chloride (6-138 pgm. D-104, 4-200 pgm. papaverine IiCl) were available. Of 
these, the group (logarithmic) means of 17, corresponding to dose-ratios from 1.1 
to 1.7, arranged themselves linearly on logarithmic co-ordinate paper, crossing 
the response-ratio ordinate of unity. 3 Analysis of this regression of logarithms 
of response-ratios on logarithms of dose-ratios yielded (antilogarithmically) a 
dose-ratio of 1.5 as much D-104 as papaverine hydrochloride required for equal 
responses, with a 95% confidence range (5, 6) of 1.4 to 1 .8. Since the molecular 
weight of D-104 relative to that of papaverine hydrochloride is 1.4, this consti- 
tutes a strong suggestion (ca. 5% level of significance) that the action of D-104 
might be somewhat less than expected on the basis of its papaverine content, 
and very probably not more. The likelihood of mutual potentiation between 

1 The Electro-Medical Laboratory, Holliston, Mass. 

5 Under the conditions employed in these experiments the hearts were distinctly hypo- 
dynamic and excessive doses of the drugs were avoided. Any difference in slight direct 
myocardial actions of the drugs, expected under such refractory myocardial conditions, 
"as rendered indefinite and perhaps masked by indirect effects of improved flow. Such 
circumstances are not without advantage in an in vitro analysis of vascular effects. 

3 This analysis implies parallel, linear log dose-log. peak-response relationships for the 
1"0 drugs being compared. In an analogous but much more intensive comparison (46 
hearts) of papaverine and another drug, to bo reported, this hypothesis has been found to 
hold nithin limits of error. 
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became apparent that the compound’s main interest lay m its provision of a 
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minute periods, recofdcd at intervals of 1 5 minutes on the kymographic time record In 
one of the experiments the left ventricle was incised to allow escape of small fluid accumula- 
tions and in two experiments such accumulations were drained aw ay separately through a 
small steel cannula and light tubing (3) A negligible Thebesian return and variable aortic 
valvular leakage are represented in such left side accumulations Injections of the warmed 
drug solutions were made with a small syringe and needle through the wall of a short seg- 
ment of rubber tubing connecting the cannula with the system Solutions were rendered 
equivalent in total ionic concentration by means of NaC! 

The ratio of the dilating potency of one drug to that of another was computed as the 
reciprocal ratio of respective doses required to give equal peak increases in flow (response 
ratios of unity) Two drugs were injected alternately The response ratios were calcu- 
lated by comparing an actual response to one drug, A, w ith a hy pothetical response to the 
other, B, arrived at bv interpolation over time between an actual response to B just pre 
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In this manner degradation in sensitivity of the preparation and non linearity of such 
degradation were controlled While valvular leakage might haye altered the dose ratio- 
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lected separately, it would not be expected to have biased the statistical comparison at 
unity response ratio Results are derived from 70 injections in 6 preparations Peak in- 
creases in flow ranged from 0 5 to 11 2 cc /min , mean 5 2 (4 1 to 165 per cent, mean 48 7 
per cent of current basal flow rates) 

Groups of white mice (ca 20 gm body weight) were injected mtraperitoneally with 
graded doses of 2 per cent solutions of D 104 or of papax'erinc hydrochloride for comparison 
of acute lethal toxicities 

Dogs anesthetized with phenobarbital were used for comparison of the acute cardiovas 
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in depth (tracheal air velocity) were recorded by means of a side-tube arrangement (modifi- 
cation of Pfeiffer and Moore’s (4) device). Heart rate was recorded electrically with a 
Junior Garceau Electroencephalograph fitted with a special voltage adaptor. 1 


Results. 1. Relative coronary vasodilatation potencies. 

A. D-104 vs. theophylline. From semi-quantitative preliminary experiments 
with aminophylline (U.S.P.) vs. D-104 it was estimated that 10 to 20 times as 
much theophylline as D-104 would be required for equivalent increases in per- 
fusion flow through the coronary bed of the isolated heart. Therefore 20 pgm. 
of D-104 and 400 pgm. theophylline (U.S.P.) were alternately injected. Re- 
corded effects on the myocardium were very small or absent. 2 

The (logarithmic) mean perfusion response-ratio was 0.93 at this dose-ratio of 
1 to 20 (D-104 relative to theophylline). The 95% confidence range of the ratio 
was 0.73 to 1.18. Doubling the amount of D-104 (dose-ratio of 1 to 10) yielded 
a response-ratio of 1 .21 suggesting sensitivity of the preparation to dosage. That 
D-104 is many times as potent as its one constituent, theophylline, was thus con- 
firmed. As a rough estimate from such an experiment, the potency-ratio would 
lie between 10 and 20 by weight, or ca. 25 and 50 on a molecular basis. 

The question arises as to whether these results arose from mutual potentiation 
of theophylline and papaverine in the compound, or from papaverine being many 
times as potent as the theophylline. The first test of these alternatives was a 
comparison of D-104 with its other constituent, papaverine. 

B. D-104 vs. papaverine hydrochloride. In 3 experiments, 21 response-ratios 
corresponding to dose-ratios of 0.7 to 1.7 as much D-104 as papaverine hydro- 
chloride (6-138 pgm. D-104, 4-200 pgm. papaverine HC1) were available. Of 
these, the group (logarithmic) means of 17, corresponding to dose-ratios from 1.1 
to 1.7, arranged themselves linearly on logarithmic co-ordinate paper, crossing 
the response-ratio ordinate of unity. 3 Analysis of this regression of logarithms 
of response-ratios on logarithms of dose-ratios yielded (antilogarithmically) a 
dose-ratio of 1.5 as much D-104 as papaverine hydrochloride required for equal 
responses, with a 95% confidence range (5, 6) of 1.4 to 1.8. Since the molecular 
weight of D-104 relative to that of papaverine hydrochloride is 1.4, this consti- 
tutes a strong suggestion (ca. 5% level of significance) that the action of D-104 
might be somewhat less than expected on the basis of its papaverine content, 
and very probably not more. The likelihood of mutual potentiation between 


1 The Electro-Medical Laboratory, Holliston, Mass. 

1 Under the conditions employed in these experiments the hearts were distinctly hypo- 
dynamic and excessive doses of the drugs were avoided. Any difference in slight direct 
myocardial actions of the drugs, expected under such refractory myocardial conditions, 
was rendered indefinite and perhaps masked by indirect effects of improved Sow. Such 
circumstances are not without advantage in an in vitro analysis of vascular effects. 

* This analysis implies parallel, linear log. dose-log. peak-response relationships for the 
two drugs being compared. In an analogous but much more intensive comparison (46 
hearts) of papaverine and another drug, to be reported, this hypothesis has been found to 
hold within limits of error. 
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the two constituents of D-104 thus disappeared, leaving the alternative that 
papaverine is many times more potent than theophylline; in fact, the contribu- 
tion of theophylline to the action of the complex, at the doses used, was inappre- 
ciable or even subtractive. Effects on recorded ventricular contractions were 
similar for the 2 drugs, and usually slight or absent. 

C. Theophylline ( U.S.P .) vs. papaverine hydrochloride. The next step was to 
Check, directly, the third side of the triangle of comparisons, theophylline rela- 
tive to papaverine. This experiment was designed to provide a total of 8 re- 
sponse-ratios, corresponding to dose-ratios of 14.3, 28.C, and 57.1 as much 
theophylline as papaverine hydrochloride (400 pgrn. theophylline, 7-28 ngm. 
papaverine hydrochloride). Myocardial effects were slight. While the 3 group 
means did not fall so strikingly on a linear (logarithmic) course as in the preceding 
Case, the deviation was not statistically significant (F = 5.20, 1 and 5 degrees 
Of freedom (6)), and analysis of linear (logarithmic) regression provided essen- 
tially the same slope as in the preceding comparison. The analysis yielded a 
dose-ratio, by weight, of 17.9 (best estimate) as much theophylline as papaverine 
hydrochloride required for equivalent peak dilatation. The 95% confidence 
range was 7.7 to 25.2. On a molecular basis, this range corresponds to 15 to 48, 
not in disagreement with the molecular potency-ratio range more roughly esti- 
fnated from the comparison of D-104 with theophylline. The conclusion that 
the activity of papaverine in D-104 was not demonstrably supplemented by the 
theophylline moiety present, and more specifically, that papaverine hydrochloride 
Was many times as potent as theophylline, was thus confirmed. 

D. D-104 vs. an equivalent mixture of papaverine hydrochloride and theophylline. 
To test the possible influence of the loose molecular association in D-104 as sup- 
plied and/or to control the rationale of the technique, in the last experiment 
D-104 was compared with an equimolecular mixture of theophylline and papav- 
erine hydrochloride. Eleven response ratios were available, corresponding to 
equivalent-dose ratios of 0.77, 0.97, and 1.16. Actual doses were 50 pgm. D-104 
and, in equivalents of D-104, 0.77 to 1.16 as much of the mixture. Effects on 
Ventricular contractions were slight, and indistinguishable for the two solutions. 
Analysis of the (statistically significant) regression of log.-response ratios on 
log.-dose ratios, as above, yielded a dose ratio of 1.00, or precisely molecularly 
equivalent amounts of the two solutions for equivalent responses. The 95% 
confidence range was 0.94 to 1.08. Thus, no detectable difference was demon- 
strated between the molecular association of papaverine with theophylline on 
the one hand, and an equivalent mixture of its constituents on the other. At 
the same time, interesting precision of the technic when used in comparing quali- 
tatively similar materials was indicated. 

The pH of the solutions of D-104 was from 3.7 to 4.1; that of theophylline, 
5.6; papaverine hydrochloride, 5.1 to 5.2; the theophylline-papaverine hydro- 
chloride mixture, 4.8. If the greater acidity of D-104 should have contributed 
to its high coronary-dilator potency relative to theophylline (section IA, above) 
it should probably also have contributed to its potency relative to papaverine 
(IB, above) ; yet in the latter case it was somewhat less, rather than more potent, 
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on a molecular basis, than papaverine. Thus, the much smaller pH differences 
between the papaverine and theophylline, at a level nearer neutrality, would 
hardly be expected to affect the papaverine-theophylline potency ratio as de- 
termined (IC, above) . Furthermore, precise equality of potencies of D-104 and 
the equivalent mixture of papaverine and theophylline was demonstrated in 
spite of considerable difference in pH of the respective solutions. Thus, in the 
fimnU volumes injected into the buffered perfusion fluid, acidity of the drug 
solutions did not demonstrably modify the results. 

II. Relative cardiovascular and respiratory effects. At molecular equivalents, 
and dose levels represented by 0.2 to 9.3 mgm./kgm. of papaverine hydrochloride 
quickly injected, no significant difference between D-104 and papaverine hydro- 
chloride could be detected in the cardiovascular and respiratory effects. Typical 
papaverine responses were apparent in each case, as illustrated in figure 1. Heart 
rate with either preparation was accelerated as much as 5 to 20%, somewhat 
after the peak of the blood-pressure and respiratory effects. Such heart rate 
changes were probably at least largely secondary to the pressure and respiratory 
effects. 

Thus, as in the isolated heart, at effective dose levels the actions of D-104 
were accountable in terms of its papaverine content. No theophylline contribu- 
tion was evident. 

Ten or 18 times as much aminophylline by weight, containing 1G or 30 times 
as many equivalents of theophylline, respectively, caused much more severe 
vascular depression and a different quality of respiratory stimulation than a 
given dose of papaverine, as also illustrated in Figure 1. Cardiac acceleration 
was greater. Since this dose ratio is conservative relative to that found for 
theophylline vs. papaverine in coronary dilatation (15-48), it would appear that 
papaverine may be at a therapeutic advantage. 

III. Relative acute lethal toxicilies in while mice. The intraperitoneal median 
lethal doses in white mice, computed from the data by the method of maximum 
likelihood (7, 5), were 129 mgm./kgm. (95% limits, 113 and 149) for papaverine 
hydrochloride, and 150 mgm./kgm. (95% limits, 129 and 177) for D-104. The 
latter, expressed as papaverine hydrochloride for comparison on a molecular 
basis, converts to 109 (95% limits, 93 and 128). The slopes of regression of 
probits kill on log. dose were not significantly different (7.28 for papaverine hy- 
drochloride and 7.43 for D-104). This means that the inter-animal variabilities 
in susceptibility to the respective drugs were not significantly different. 

The relative molecular toxicity of D-104, referred to papaverine hydrochloride, 
with pooled slopes and variance used in the computations (5), was 1.19, with 
95% limits of 0.98 and 1.45. That is, there is a suggestion that at lethal dose 
levels of D-104, the theophylline moiety added to the terminal pharmacodynamic 
effects of papaverine. 

Discussion. No therapeutic advantage of a molecular association of ■the- 
ophylline and papaverine was suggested. 

Experimental evidence that papaverine is capable of significant dilatatioh of 
coronary vessels is now considerable and varied. Macht (8) first demonstrated 
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Fig. 1. Dog, Anesthetized with Sodium Phenobarbitae Intraperitoneallt 
Femoral arterial blood pressure, respiration, and time in minutes. Rapid femoral intra- 
venous injections with syringe and needle 


its relaxant action on excised coronary-artery rings (pig and human). He and 
others have observed its ability to increase the rate of perfusion, at constant 
pressure, of the vascular bed of isolated hearts of animals (8, 9, 10, 11, 12, 13), 
and man (11). Anrep (14) observed it to cause “considerable” increase in the 
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coronary circulation of the human heart-lung preparation. Various controls 
have indicated the increased flow to he independent of changes in myocardial 
mechanics, and presumably a direct one on coronary vessels: viz., its occurrence 
in quiescent animal (9) and human (11) 'hearts, in hearts in strophantlnn arrest 
(11, 12), and in constantly fibrillating hearts (13). That its action is sufficiently 
selective to cause increased coronary flow in the intact organism in spite of more 
or less general vasodilatation was shown presumptively by Macht (8), but more 
certainly by Essex et al. in the unanesthetized animal (15) and Eckenhoff and 
Hafkenschiel (16) in the anesthetized animal. Its administration is reported to 
diminish electrocardiographic evidence of myocardial anoxia following coronaiy 
ligation, with or without superimposed anoxemia (17). Mokotoff and Katz (18) 
have recently demonstrated the ability of the drug to reduce the size of experi- 
mental myocardial infarction. 

Comparisons of papaverine with the better known and still more commonly 
used xanthines are, however, few. Trussewitsch (11) found papaverine at 
1:100,000 concentration a more reliable dilator than caffeine at 1:1000 in the 
human hearts. One observation with 1:10,000 theobromine was positive. 
Lindner and Katz (13) apparently obtained greater and more durable increases 
in flow in fibrillating dog hearts with 16-33 mgm. of papaverine hydrochloride 
than with 24-48 mgm. aminophylline or 125-500 mgm. caffeine sodium benzoate. 
Essex et al. (15) obtained roughly similar increases in coronary flow in the intact 
dog with 1.25 and 1.64 mgm./kgtn. of papaverine (2 observations) and 12 to 
32 mgm./kgm. of aminophylline. Eckenhoff and Hafkenschiel (16) employed 
papaverine doses of 0.004 to 0.040 mgm. intra-arterially (coronaiy) and 15 to 
20 mgm. intravenously, and aminophylline doses of 1.0 mgm. intra-arterially 
and 60 to 120 mgm. intravenously. As regards comparative effects, the amino- 
phylline doses were apparently excessive relative to papaverine’s. Whereas 3 
to 10 mgm./kgm. of papaverine hydrochloride reduced ECG evidence of myo- 
cardial anoxia in the experiments of Leslie and Mulinos (17), 5 to 15 mgm./kgm. 
of aminophylline was without demonstrated effect. Mokotoff and Katz (18) 
found significantly more reduction of experimental infarct size with 5 mgm./kgm. 
doses of papaverine hydrochloride than with 15 mgm./kgm. doses of amino- 
phylline. Thus, all six sets of experiments point up papaverine’s superior 
potency, but a quantitative statement cannot readily be made from them. 
The present experiments may be regarded as a contribution particularly to the 
quantitative aspects of this problem. 

In view of its relative efficiency (experimental coronary-dilator potency 
relative to toxicity), together with relative absence of myocardial-stimulant 
liability and presence of certain properties directable against arrhythmias and 
fibrillation (10, 19, 20, 21, 22), it is not surprising that papaverine should be 
responsible for some increased hope of effective medication in coronaiy disease, 
particularly since the vigorous work of Katz and associates (13, 18, 19, 20, 23). 

SUMMARY 

In the isolated rabbit heart, a molecular association compound of papaverine 
and theophylline was precisely equal in coronary-dilating potency to an equiva- 
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lent equimolecular mixture of papaverine hydrochloride and theophylline. 
Papaverine hydrochloride was 18, +7 or —10 (95% confidence limits), times 
as potent as theophylline on a weight basis. On a molecular basis, theophylline 
was relatively so impotent that its contribution in the molecular association 
compound could not be detected, either on the coronary vascular bed, or in 
cardiovascular and respiratory effects in the anesthetized dog, by molecular 
comparison of the compound with papaverine hydrochloride. There was, 
indeed, a strong suggestion (P = ca. 0.05) that the presence of theophylline 
(competitively?) diminished papaverine's actions in the isolated heart. 

However, at lethal dose levels (white mice), there was some suggestion 
(P = >0.05) that theophylline was beginning to contribute slightly to toxicity. 

Acknowledgement. The authors are indebted to E. Lyons, formerly of these 
laboratories, who prepared jD-104, and to C. C. Pfeiffer, now of the University 
of Illinois, whose initiating preliminary experiments, subsequently confirmed, 
indicated it to be several times as potent as aminophylline. 
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Astwood (1) and Astwood, Hughes and co-tvorkers (2) have reported that the 
administration of dithiobiuret (DTB) — (NH»-C(=S) -NH- C(~S) -NHj) to rats 
in their drinking water as a 0.002% solution produced a flaccid paralysis involv- 
ing the muscles of the entire body with the exception of the muscles of respira- 
tion and those of the head and neck. If the concentration of DTB was reduced 
to 0.001% the animals were unaffected. These workers concluded that the ad- 
ministration of DTB caused a reversible paralysis in rats which did not seem to 
be due to a disturbance of the muscles themselves, of the peripheral nerves, or 
of the myoneural junction. 

DuBois and his co-workers (3, 4) have studied the effects on carbohydrate 
metabolism of alpha-naphthylthiourea (ANTU), allylthiourea, phenylthiourea, 
and thiourea, the chemical structures of which are closely related to that of DTB. 
They found that ANTU and phenylthiourea possessed a marked hyperglycemic 
action when administered to rats in amounts as low as 10 mg. per kilogram. The 
hyperglycemic actions of allylthiourea and thiourea were much less pronounced 
and large doses of these compounds were necessary to elicit a response. Animals 
receiving any of these hyperglycemic agents showed a depletion of liver glyco- 
gen. The latter authors also found that the hyperglycemia resulting from ad- 
ministration of ANTU was antagonized by insulin and ergotamine and com- 
pletely prevented by adrenal-demedullation. Animals treated with ANTU, 
however, exhibited no abnormality in the oxidation of glucose, and an increased 
amount of epinephrine could not be detected in the blood. 

The investigation reported here was undertaken (a) to determine if the paraly- 
sis produced by DTB is accompanied by changes in the chemical composition 
of skeletal muscle, and (b) to determine if DTB causes a disturbance in carbo- 
hydrate metabolism. 

Methods and Results. Effect of DTB on the Electrolyte Composition of the Skeletal 
Muscle of Rats. Male rats of the white Wistar strain, weighing between 200 and 300 grams 
each, were placed on a constant diet consisting of Purina Dog Chow for a period of one week. 
At the end of this period certain of the animals were given DTB* in the drinking water as a 

1 A preliminary report of this work was presented before the American Society of Bio- 
logical Chemists, Chicago, Illinois, May 18, 1947 (Federation Proceedings 6, 289, 1947), and 
was aided by a grant from Wyeth Incorporated, Philadelphia. 

1 The dithiobiuret was kindly supplied by the American Cyanamid Company. 
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0.002% solution, while others served as controls. Food was allowed ad libitum. With 
this concentration of DTB the animals exhibited, in from 5 to S days, a paralysis which 
generally but not always affected the hind quarters. When the paralysis had become 
severe the animals were placed under sodium pentobarbital anesthesia and arterial blood 
was collected under oil by direct puncture of tho left ventricle. The gastrocnemius muscles 
were then removed and submitted to analysis for water, chloride, sodium, potassium, total 
and acid soluble phosphorus, creatine, and total neutral fat. The methods used for these 
determinations were the same as reported elsewhere (5) excepting that the method of 
Lowry and Hastings (6) was employed for the extraction of the electrolytes and for the 
determination of chloride. 

The results of these anatyses are shown in Table I. For purposes of compari- 
son the data obtained on skeletal muscle are expressed in terms of 100 grams of 
fat-free solids. It may be seen that there was no striking difference between the 
control and experimental groups. The slightly higher creatine level found in 

TABLE 1 


Chemical determinations on skeletal muscle of normal rats and of rats paralyzed by dithiobiuret 
( Muscle values expressed per 100 gm. fat-free solids ) 



XOXUAI, SATS (5)* 

1 

PAIAI.YZED XATS (8)* 


Mean 

Rinse 

Mean 1 

Ranse 

Water, gm 

327.0 

324-331 

330.1 

319-359 

Chloride, m.eq.. .. ... 

5.0 

4. 7-5. 2 

5.2 

4. 7-6. 5 

Potassium, m.eq. . . . 

48.9 

47.5-50.2 

48.1 

46.3-50.6 

Sodium, m.eq. 

7.4 

7. 2-7. 6 

8.3 

7. 4-8. 7 

Total phosphorus, mil. 

32.5 

31.2-33.5 

31.6 

30.8-32.1 

Acid soluble phosphorus, mM.. . . 

27.0 

26.5-27.4 

26.5 

25.2-27.6 

Creatine, mg. 

2256 

2130-2350 

2462 

2310-2720 

Plasma chloride, m.eq. per 1000 gm. water 

103.2 

101-105 

106.9 

104-113 


* The figures within the parentheses indicate the number of animals. 


the experimental group can probably be attributed to inanition, since the animals 
receiving the DTB showed an immediate decrease in food consumption and lost 
weight rapidly. 

Effect of DTB on the Electrolyte Composition of the Skeletal Muscle of Rabbits. Male and 
female rabbits weighing between 2 and 4 kilograms were employed. The animals were 
maintained on a diet of Purina Rabbit Chow, and those which served as controls were pair- 
fed during the experimental period. The DTB was administered daily by subcutaneous 
injection of an aqueous solution in an amount of 7 mg. per kilogram of body weight. It is 
of interest to note that immediately after receiving the first injection the animals ceased 
eating and generally showed evident difficulty of voiding urine during the remainder of the 
experimental period Upon autopsy of the animals it was found that the bladder was 
markedly distended, and in one case this organ contained as much as 300 ml. of urine. 
Usually the stomachs were filled with food although the animals generally had eaten com- 
paratively little since the first experimental day. 

A marked paralysis involving the skeletal muscles was encountered in from 
6 to 12 days. When paralysis was severe, arterial blood and skeletal muscle 
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(lumbar portion of the sacrospinalis) were obtained under sodium pentobarbital 
anesthesia. Heparinized plasma, separated under oil, was analyzed for water, 
chloride, carbon dioxide content, sodium, potassium, and, in a few instances for 
calcium. Although no tabulated data are presented, suffice it to state that by 
comparison with the control animals no significant changes of the carbon dioxide 
content, sodium,' potassium or calcium levels of the plasma of the paralyzed rab- 
bits were encountered. The muscle samples were subjected to the same analy- 
ses as was the rat muscle. The results of the analysis of the muscles of three 
rabbits with severe paralysis and of three pair-fed control animals are presented 
in Table II. As in the case of the rats studied, the data obtained with the rab- 
bits receiving DTB showed no striking differences when compared with those 
for the pair-fed controls. 

TABLE II 

Chemical determinations on sheletal muscle of pair-fed control rabbits and of 
rabbits paralyzed by dithiobiurel 
{Muscle values expressed per 100 gm. fat-free solids) 



PAIR-FED CONTROLS (3)* 

PARALYZED RABBITS (3)* 


mean values 

Water, gm 

353.7 

325.0 

Chloride, m.eq 

4.4 

3.9 

Potassium, m.eq 

48.9 

44.1 

Sodium, m.eq 

8.7 

8.0 

Total phosphorus, mM 

34.6 

33.9 

Acid soluble phosphorus, mM 

31.2 

30.6 


3070 

amn 

Plasma chloride, m.eq. per 1000 gm. water . . 

107.4 

113.0 


* The figures within the parentheses indicate the number of animals. 


It is apparent, therefore, that the paralysis produced by DTB in rabbits and 
rats is unaccompanied by any significant changes in the skeletal muscle content 
of water, chloride, sodium, potassium, phosphorus, and creatine. 

Effect of DTB on the Blood Glucose of Babbits . In experiments dealing with the effect of 
DTB on the blood glucose concentration of rabbits, the substance was administered by 
subcutaneous injection at three levels : 7, 40 and 100 mg. per kilogram of body weight. The 
two lower dosages were given as an aqueous solution, while at the 100 mg. level the DTB 
was administered in propylene glycol. Preliminary experiments had indicated that propyl- 
ene glycol per sc in the amounts employed did not produce any of the changes reported here. 
Blood glucose determinations were made hourly on samples obtained from the marginal 
car vein, using the Jeghers-Myere modification of the Bolin-Malmros method (7). 

It was noted that a single injection of 100 mg. of DTB per kilogram of body 
" e 'ght resulted iu an immediate and significant rise in the blood sugar, whereas 
a single injection of DTB at either of the two lower dosage levels was virtually 
without effect on the blood sugar concentration. However, the prolonged ad- 
ministration of the compound at a level of 7 mg. per kilogram was sometimes 
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found to be accompanied by a moderate increase in the blood glucose level. In 
one case a value of 220 mg. of glucose per 100 ml. of blood was obtained with an 
animal which had received this dosage of DTB for a period of 12 days and which 
was moribund. 

Because the animals receiving the repeated doses of the compound stopped 
eating almost immediately after the first injection, and thus at the time of the 
glycemic changes were apparently in a state of depletion with respect to glyco- 
gen, experiments were undertaken with rabbits which had been starved for 3 
days. These animals could be considered as having a nutritional status similar 
to that of the chronically intoxicated rabbits. 



riUt x. 

The average blood sugar responses of rabbits to the administration of DTB as compared 
to the response of a rabbit receiving epinephrine. Curve A represents the response to the 
administration of DTB at a level of 100 mg. per kilogram body weight; Curve B at a level 
of 40 mg., and, Curve C at a level of 7 mg. per kilogram. Curve D represents the response 
to epinephrine (0.5 ml. of a 1:1000 solution). 


The average curves represented in Figure 1 summarize the results of glucose 
determinations on rabbits starved for 3 days and then treated with DTB. It 
may be seen that the administration of the compound in amounts of 7 and 40 
mg. per kilogram produced no change in the blood glucose concentration (curves 
B and C). However, when the DTB was given in a single injection of 100 mg. 
per kilogram there was an immediate and steady rise in the blood glucose to a 
peak of 256 mg. per 100 ml. at the end of 5 hours (curve A). It may be said 
that the glycemic changes encountered in these starved animals were not sig- 
nificantly different from those observed in animals maintained on a normal diet 
preliminary to the injection of DTB. 

Curve D shows the blood glucose response to the intravenous administration 
of 0.5 ml. of a 1:1000 solution of epinephrine in a rabbit which had been starved 
for 3 days. It is interesting to observe that an animal, presumably depleted of 
liver glycogen by starvation, responds to epinephrine with a significant and pro- 
longed rise in the blood sugar. This observation, therefore, does not preclude 
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the possibility that the blood glucose response to DTB is mediated in some way 
through epinephrine. 1 

In passing, it may be noted that the rabbits receiving a single injection of DTB 
at a level of 100 mg. per kilogram of body weight exhibited a flaccid paralysis 
within several hours after administration of the compound, became cyanotic, 
and usually continued in this state for a period of eight to seventy-two hours until 
death intervened. 

Effect of DTB on Glucose Utilization. In order to determine the effect of DTB on the 
utilization of glucose, intravenous glucose tolerance tests were performed on rabbits para- 



Time In Minutes 

Fig. 2 

The average response of DTB-paralyzed rabbits and their pair-fed controls to intra- 
venous administration of glucose. Curve A represents the results obtained with rabbits 
paralyzed by the daily administration of 7 mg. per kilogram of DTB, while Curve B repre- 
sents the average results obtained with pair-fed controls. 

lyzed by the daily administration of 7 mg. of DTB per kilogram of body weight as an aque- 
ous solution. For the purpose of the tests 0.5 gm. of glucose per kilogram, as a 20% solu- 
tion, was injected into the marginal ear vein and blood sugar determinations were made 
every 5 minutes for a period of 2 hours. 

In Figure 2 the average results of a number of such experiments are compared 
with those obtained with pair-fed controls tested similarly. It is apparent that 
while the hyperglycemic levels produced in the rabbits paralyzed by DTB were 
higher, that on the average no significant change in the rate of glucose utilization 
was encountered; and this was true for the individual cases as well. 

Although all of the DTB-treated animals on which glucose tolerance tests 
were performed exhibited a marked paralysis, the fasting blood glucose, in most 
cases, was normal or only slightly elevated. The above findings lead to the con- 
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elusion that the rate with which injected glucose is removed from the blood, as 
measured by the intravenous glucose tolerance test, is the same in rabbits receiv- 
ing 7 mg. DTB per kilogram body weight as in the control animals. However, 
since these observations were made on paralyzed animals with an approximately 
normal fasting blood glucose level, the results are inconclusive as to the situation 
existing in animals showing abnormalities in carbohydrate metabolism, as indi- 
cated by the elevated blood glucose encountered in animals receiving 100 mg. 
DTB per kilogram. Nevertheless these findings indicate that the effects of 
DTB on carbohydrate metabolism and on muscular tone are not mutually de- 
pendent. 

Effect of Insulin and Ergotamine on DTB Hyperglycemia. Both insulin (1 unit 
per kilogram) and ergotamine (2 ml. of a 1-10,000 solution) given by vein, were 
found to be antagonistic to the hyperglycemia produced by the administration 
of DTB in a dosage of 100 mg. per kilogram. Thus, in the presence of hyper- 
glycemia following the injection of DTB, an immediate and marked decline in 
the blood glucose occurred following the administration of either of these sub- 
stances. 

The effects of DTB on the Thyroid, Thymus and Adrenal Glands of Rats. A group of 4 
weanling, female white rata were placed on a normal diet into which was incorporated 0.05% 
DTB; after 5 days of this regime the DTB concentration was decreased to 0.01%, and the 
animals permitted to feed for 2 more days. At the end of this time the rats were sacrificed 
and the weights of their thyroid, tHymus, and adrenal glands were determined. Concur- 
rently 4 other weanling rats were maintained for 7 days on the normal diet containing no 
DTB; at the end of this time these too were sacrificed and their gland weights determined. 

Table III summarizes the data obtained in this experiment and the following 
conclusions may be drawn: (1) On the basis of the ratio of thyroid to body 
weight, DTB was goitrogenic; (2) on any basis, there was marked involution of 
the thymus gland; (3) on the basis of the ratio of the weight of the adrenal 
glands to total body weight it may be said that a relative enlargement of the 
adrenals occurred. In evaluating the significance of these results it must be 
pointed out that the DTB-treated rats ate very little food, and these glandular 
changes, typical responses to stress, may be partly in response to the alarming 
stimulus of inanition. Further, the hyperplasia encountered in the thyroid 
glands, as evidenced microscopically, was minimal; and many of the glands 
showed degenerative changes. 

The organs of these animals, and it may be added the organs of numerous rab- 
bits and of several dogs receiving DTB, were kindly examined microscopically 
by Dr. William E. Ehrich who reported finding the pathological stigmata which 
have come to be associated with reaction to alarming stimuli. 

Discussion. The results of studies on the chemical composition of skeletal 
muscle of rats and rabbits paralyzed with DTB demonstrate that this paralysis 
is unaccompanied by any significant changes in the water and electrolyte con- 
tent of skeletal muscle. This observation lends support to the finding of Ast- 
wood, Hughes, et al. (2) that DTB paralysis does not involve any disturbance 
in the muscles themselves. 
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The changes in the blood glucose produced by the administration of DTB 
(100 mg. per kilogram) which are reported in this communication are similar to 
those found by DuBois and co-workers (3, 4) employing thiourea and a number 
of its derivatives. This suggests that the influence on carbohydrate metabolism 
of compounds in this general class is similar. These changes were also found to 
be comparable to those encountered in animals receiving epinephrine. This ob- 
servation coupled with the finding that insulin and ergotamine exert an antago- 
nistic response to the DTB-hj^perglycemia, as do these substances to epinephrine 

TABLE in 


The effect of DTB on (he thyroid, thymus, and adrenal glands of weanling white rate 


IAT NO. 

ccrrtAi. body 

WEIGHT 

FtKAX. BODY 
WEIGHT 

THYXOZD WZICHT 

THYXtTS WZICHT 

ADXEN’AE WEIGHT 

Control Group 



/Bf. 

PXJ. 

[ns. 

gmt. 

1 

39 

60 

0.00S6 


0.0145 

2 

39 

56 

0.0072 

0.2361 

0.0145 

3 

33 

54 

0.0078 


0.0122 

4 

35 

60 

0.0073 

0.2660 

0.0140 

Average 

36.5 

57.5 

0.0077 

0.2456 

0.0138 


DTB Group 


5 ! 

35 

31 

0.0042 

0.0319 

0.0127 

6 1 

34 

31 

0.0048 

0.0264 

0.0108 

7 

36 

28 

0.0097 

0.0206 

0.0150 

8 

34 

31 

0.0071 

0.0210 

0.0124 

Average 

34.8 

30.3 

0.0065 

0.0250 

0.0127 


hyperglycemia, suggests that the effect of DTB on carbohydrate metabolism is 
mediated through epinephrine. 


SUIGUKY 

1. The administration of DTB to rabbits in amounts of 7, 40, and 100 mg. 
per kilogram body weight (and to rats in an amount of 0.002% in the drinking 
water as observed by Astwood, et al.) produced a flaccid and fatal paralysis in 
from 1 to 12 days, depending on the administered dose. 

2. The paralysis produced by the daily administration of 7 mg. DTB per kilo- 
gram to rabbits and as a 0.002% solution in the drinking water of rats was unac- 
companied by any significant changes in the water, chloride, sodium, potassium, 
phosphorus, and creatine content of skeletal muscle, and in the few cases studied, 
in the plasma CO : content, calcium, sodium, and potassium levels. 

3. The continued administration of DTB to rabbits in an amount of 7 and 40 
mg. per kilogram occasionally produced a slight elevation in the blood glucose. 
When administered at a dosage of 7 mg. per kilogram, DTB had no apparent 
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effect on the rate of removal of injected glucose from the blood, as measured by 
the intravenous glucose tolerance test. 

4. The administration of a single dose of DTB to rabbits in an amount of 100 
mg. per kilogram produced an immediate and profound increase in the blood 
glucose level which was maintained over a period of 5 hours. 

The effects on carbohydrate metabolism and the paralysis accompanying the 
administration of DTB were not apparently mutually' dependent. 

5. The effects on carbohydrate metabolism of DTB may' be non-specific effects 
mediated by epinephrine, particularly' in view of the fact that the specific glandu- 
lar changes associated with alarming stimuli have been observed in DTB-treated 
animals. 
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As far as ive are aware, no thorough toxicologic and pharmacologic investiga- 
tions have been carried out on Cycloheptenylethyl barbituric acid (Medomin). 


H— N— C— O 

|/C-H 6 

0=C C CH — CH ; — CH« 

\ ^ 

C 

H— N— C=0 N< CH.-CHi— CH. 


Fritzsche (1) gives the minimal effective dose for rats as 20 to 30 mgm., and the 
lethal dose between 800 to 1,200 mgm. a ratio of 1:40. He found the thera- 
peutic index to be 1:3 as compared with 1:2 for phanodorn. However, no ex- 
perimental data are presented in his report nor does he indicate the route of 
administration of the drugs. In cats given equal doses of cycloheptenylethyl 
barbituric acid and phanodorn he found no difference between the two barbi- 
turates in the speed of inducing sleep, and in the depth of hypnosis, but he did 
find the duration of action to be longer for cycloheptenylethyl barbituric acid. 
Only after the administration of high toxic doses were changes in the circulatory 
and respiratory systems observable. Hypnotic and narcotic doses had no influ- 
ence upon the rate and force of the heart beat, upon the blood pressure and upon 
respiration. 

Fritzsche was the first to study the relative hypnotic actions of cyclobeptenyl- 
ethyl barbituric acid and phanodorn in patients suffering from insomnia. In 
these, the two barbituric acid derivatives were found to be approximately equal 
in their sleep producing properties. Unlike most long acting barbiturates no 
“hangover” was observed after the patient awoke from medomin hypnosis. 
Grote (2) studied the effects of cycloheptenylethyl barbituric acid on eleven 
human subjects. He observed that 0.2 Gm. given orally produced sleep of 5 
to G hours duration in cases of insomnia due to surgery, arteriosclerosis, cardiac 
disease and mental diseases. 

Since thorough investigations on the toxicology and pharmacology of the above 
barbiturate have not been reported and since it is being used clinically in Europe 
we believe such investigations are in order. 


1 This research was made possible through a grant by Geigy Company, Inc. 
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Method. The toxicologic studies were carried out on 372 white mice weighing between 
17 and 28 Gm. having an average weight of 24 Gm., 100 albino rats weighing between 127 
and 130 Gm. having an average weight of 128 Gm., 145 rabbits weighing between 1.7 and 
2.6 kgm. having an average weight of 2.2 kgm., and 29 mongrel dogs weighing between 7 
and 19 kgm. 

In mice and rats the experiments were done on groups of 15 to 20 animals and usually 
the animals were selected according to weight. In rabbits, groups of 5 to 18 animals were 
used. Thirty or more animals were used for each dose in determining the LDso. In the 
mice and rats the injections of the drug were made intraperitoneally in 1 and 2 per cent 
solutions respectively. No distinction was made between sexes although the male sex 
was predominant. A 5 per cent solution of cycloheptenylethyl barbituric acid was injected 
into the lateral ear vein of rabbits and into the saphena para vein of dogs. In all of the 
experiments the drug was weighed as cycloheptenylethyl barbituric acid and a 10 per cent 
solution of sodium hydroxide (approximately 8 cc./5 Gm.) was added to the drug in a 
volumetric flask until all of the drug was changed to its sodium salt and a clear solution 
resulted. 

Mongrel dogs weighing between 4 and 18 kgm. were used in those experiments in which 
the blood pressure and respiration were studied. The animals were first anesthetized with 
ether by inhalation. A median neck incision was then made and the animal tracheoto- 
mized, the ether being continued with the use of an ether bottle. Ether was discontinued 
upon the injection of the barbiturate. The blood pressure was registered from the right 
carotid artery by means of a mercury manometer. Heparin was used in the system as the 
anticoagulant. The time marker which indicated intervals of 20 seconds was placed at 
the atmospheric pressure line of the manometer. The respirations were recorded upon the 
kymograph surface by placing, about the thorax a pneumograph connected with a Marey 
tambour. Respiration and blood pressure were recorded simultaneously in most of the 
experiments. In some experiments the changes in the volume of the spleen, kidney, in- 
testine or limb were also studied. A plethysmograph connected to a modified Brodie 
bellows was used. In those experiments in which the effect of the drug was studied on the 
cardiac vagus nerve the right vagus nerve was isolated, sectioned and its distal end stimu- 
lated with platinum electrodes connected to the secondary coil of a “Harvard”inductorium. 

Tolerance studies were made on rabbits and dogs. In this study the criterion was the 
same as that employed by Fitch and Tatum (3). The times were recorded at which the 
animals went to sleep and at which they could first raise their heads, sit upright, maintain 
that position and hop or walk about when disturbed (4). Sixty -eight rabbits weighing 
between 2.1 and 3.9 kgm. and 7 dogs weighing between 7 and 10 kgm. were used in these 
experiments. In the dogs a 10 per cent solution of cycloheptenylethyl barbituric acid (50 
mgm./kgm.) was given intravenously through the saphena para vein every other day for a 
total of three injections and in rabbits a 5 per cent solution (50 mgm./kgm.) was injected 
into the lateral ear vein daily for four or five days. On the fifth or sixth day, 19 mgm./kgm. 
of pentobarbital sodium were administered. In another series the same dose of pento- 
barbital sodium was given daily for four days and on the fifth day cycloheptenylethyl 
barbituric acid (50 mgm./kgm.) was given intravenously. 

In determining the minimal hypnotic dose rabbits were used. The criterion used by 
Werner, Pratt, and Tatum (5) was followed. “The M. H. D. is that amount of drug id 
milligrams per kilogram which caused 50 per cent or more of the animals receiving that dose 
to lie on their sides with head down.” 

Results. In white mice, 250, 280, and 300 mgm./kgm. of cycloheptenyl- 
ethyl barbituric acid injected intraperitoneally was observed to kill 12, 45 and 
75 per cent respectively of the animals. The LDjo was estimated to be 2S4 
mgm./kgm. In rats, 200, 220 and 250 mgm. per kgm. injected intraperitoneally 
killed 46.6, 50 and 57.5 per cent respectively of the animals. The LDso was 
estimated to be 220 mgm./kgm. 
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In rabbits the injections of cycloheptenylethyl barbituric aeid were made at a 
uniform rate (1.2 cc. per minute). At this rate of injection 101, 110 and 120 
mgm. per kgm. respectively killed 20, 30 and 52 per cent of the animals injected. 
The intravenous LD 30 was found to be 119 mgm. per kgm. 

Ninety mgm./kgm. killed none of the dogs, 100 mgm./kgm. killed 33 per cent 
and 110 mgm./kgm. killed 71 per cent of the animals. The LD50 was estimated 
to be 105 mgm./kgm. 

Tolerance. That rabbits and dogs develop a tolerance to barbiturates has 
been demonstrated on numerous occasions (6). That cycloheptenylethyl barbi- 
turic acid when given in repeated doses is no exception can be seen in table I. 
In the 7 dogs, the average sleeping time following the third administration of 50 
mgm./kgm. of 'the drug was 43 per cent shorter than that following the first. 
After repeated injections of the drug in groups of 10, 15 and 18 rabbits, the 
average sleeping time was shortened by 40, 32 and 57 per cent respectively. 
Since at the time the final test, the ability to hop about when nudged, was made 
the animals were still definitely depressed, the actual periods of cycloheptenyl- 
ethyl barbituric acid depression are, of course, much longer than these listed. 
All of the animals were watched continuously from the time of the injection until 
they were considered awake. Our experimental animals responded to this 
barbiturate in much the same way as they did to other barbiturates. The dura- 
tion of action varied with the animal employed and with the dose injected. 
Large animals appeared to be more depressed than smaller ones of the same 
species when the same dose per kgm. was administered. Within limits the larger 
the dose administered the longer the depression. The average sleeping time 
was 44 minutes for those rabbits which received 50 mgm./kgm., 63 minutes for 
those which received 75 mgm./kgm. and 163 minutes for those animals which 
survived 101 mgm./kgm. Higher dosages had no further effects on the average 
sleeping times of the survivals. 

Although repeated injections had an effect upon the sleeping times of animals 
it appears to have had no effect upon the toxic effects of the drug. Tolerant 
animals when given 101 mgm./kgm. slept only 92 minutes as, compared to the 
163 minutes of non-tolerant animals, nevertheless the mortality rate remained 
the same for the two groups of animals. With this as with other barbiturates 
dogs appear to be more susceptible than smaller animals. In dogs 50 mgm./kgm. 
produced hypnosis lasting for five hours and eleven minutes, 90 mgm./kgm. 
caused hypnosis of eighteen hours duration and those animals which survived 
100 mgm./kgm. slept between twenty and twenty-eight hours. 

Cross Tolerance. That dogs, rabbits and rats made tolerant to one barbiturate 
will very likely show some tolerance to all other barbiturates has been demon- 
strated before (6). That tolerance to cycloheptenylethyl barbituric acid also 
influences the sleeping time induced in rabbits by pentobarbital sodium can be 
seen in table I. After the animals were made tolerant to cycloheptenylethyl 
barbituric aeid, pentobarbital sodium was injected intravenously and it pro- 
duced a hypnosis of 41 and 39 minutes in the first two groups of rabbits studied 
(see table 1). One week later the same dose of pentobarbital sodium was again 
injected in these same animals. This time the two groups of animals slept 50 
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and 52 minutes respectively. The animals were then given daily injections of 
pentobarbital sodium (19 mgm./kgm.) for four days and on the fifth day cyclo- 
heptenylethyl barbituric acid (50 mgm./kgm.) was injected intravenously. Al- 
though these two groups of animals had slept on the average of 40 and 50 minutes 
on the control injection of cycloheptenylethyl barbiturate, after the four injec- 
tions of pentobarbital these same animals slept for only 19 and 25 minutes, a 
decrease of 53 and 47 per cent respectively. Oddly enough, the animals receiv- 
ing daily injections of cycloheptenylethyl barbiturate developed less tolerance 
to pentobarbital sodium (20 and 25 per cent reduction in sleeping time) than 
they did to cycloheptenylethyl barbiturate after a series of injections of pento- 
barbital sodium. 

Thirty mgm./kgm. caused 50 per cent or more of the rabbits receiving that 
dose to lie on their sides with heads down. This dose was considered the minimal 

TABLE I 


The effects of repealed administrations of cycloheptenylethyl barbiturate and of pentobarbital 
sodium on the sleeping time in rabbits and dogs 


ANIMAL 

NUMBER or 
ANIMALS 

AVERAGE 

WEIGHT 

AVERAGE DURATION Or HYPNOSIS IN MINUTES FOLLOW- 
ING DAILY INJECTIONS IN RABBITS AND EVERY OTHER 
DAY IN DOGS 

DECREASE IN 
SLEEPING TIME 
IN rr-S CENT 


; 


1 

2 

3 

4 

s 

6 


Rabbit* 

KB 

2.3 

•10 

31 

25 

23 

24 

41* 

40 


MK 

3.2 

47 

37 

33 

31 

32 

39* 

32 


MS 

2.2 

6G 

45 

38 




57 

Rabbitf 

10 

2.9 

50 

38 

35 

25 

19t 


50 


15 

3.3 

52 

40 

36 

31 

25t 


40 

Dog* 

7 

8.6 

292 

219 

168 




43 


* Cycloheptenylethyl barbiturate (50 mgm./kgm.). 
t Pentobarbital sodium (19 mgm./kgm.). 


effective dose. The therapeutic coefficient of cycloheptenylethyl barbiturate is, 

therefore, calculated to be = 3 -9- This figure is slightly higher 

than that of phenobarbital sodium (3.3) but lower than that for pentobarbital 
sodium (4.5). 

Respiration and Blood Pressure. In the dogs used in studying the effect of 
cycloheptenylethyl barbiturate on respiration, blood pressure and organ volume, 
the drug was injected 27 times in doses of 10, 20, and 25 mgm./kgm. 

Within limits the changes in blood pressure are directly proportional to the 
amount of the drug injected and the rate at which it is injected. Like other 
barbiturates (7), cycloheptenylethyl even in a small dose causes a fall in blood 
pressure. If the dose is large, or if small but rapidly injected, there is a rapid 
fall in blood pressure which requires several minutes to return to its original 
level. In our experiments 10 mgm./kgm. caused an average fall in blood pres- 
sure of 35 per cent, whereas, 20 and 25 mgm./kgm. caused average decreases of 
50 and 51 per cent respectively. Following each injection of cycloheptenylethyl 
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barbiturate the arterial blood pressure gradually returned toward the control 
level. In figure 1, at M, 25 mgm. per kgm. of the drug were injected intraven- 
ously in a 5 kgm. dog. A rapid fall in blood pressure from 130 to 60 mm. Hg 
occurred. 

In those animals in which the blood pressure and rate and depth of respiration 
were being recorded, marked acceleration of the heart was observed during the 
injection at the same time the blood pressure was falling. In three trained dogs 
studied with an electrocardiograph the average heart rate increased from 143 to 
205 beats per minute immediately after the injection of 20 mgm./kgm. of the 
barbiturate. In these the heart rate returned to the control level within 4 



Fig. 1. Dog 5 kgm. Ether Anesthesia 

1. Plethysmograph record of spleen. 2, Respiration, up stroke expiration. 3. Arterial 
blood pressure with Hg manometer. 4. At M, time of intravenous injection of 25 
mgm./kgm. of cycloheptenvlethyl barbituric acid. 5. Time in intervals of 20 seconds 
and zero blood pressure. 

minutes. No changes in the P-R interval and in the height of the deflections of 
the string were noted. However, when 50 mgm./kgm. of cycloheptenylethyl 
barbiturate were injected intravenously the average heart rate during and im- 
mediately following the injection was 257 beats per minute requiring 20 minutes 
to return to the control rate. These animals also slept for over 5 hours. 

This increase in heart rate we believe is partly due to a compensatory phe- 
nomenon i.e. a reflex from the carotid and aortic sinuses due to the fall in blood 
pressure and partly due to depression of the cardiac vagus nerves. Experiments 
were performed on dogs in which the distal end of the cut right vagus nerve was 
stimulated while the animals were under ether anesthesia, again after the anes- 
thesia was allowed to become very light and finally after the intravenous injec- 
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tion of 50 mgm./kgm. of cycloheptenylethyl barbiturate. In figure 2 can be 
seen the mildly depressant effect of the barbiturate on the cardiac response to 
vagus nerve stimulation. While the animal was under deep ether anesthesia 
the cut right vagus nerve was stimulated, at 1, and a fall of 20 per cent in blood 
pressure occurred, whereas at 4 when the animal was under extremely light anes- 
thesia a similar stimulation of the nerve caused a 70 per cent drop in blood pres- 
sure. Fifty mgm./kgm. of cycloheptenylethyl barbiturate were injected intra- 
venously at B. The vagus nerve was again stimulated, at 5, and at this time a 
fall of 40 per cent in the blood pressure occurred during the period of excitation 
of the nerve, however, fifteen minutes after the injection, at 8, the response of 
the heart to excitation of the vagus nerve was the same as it had been when 
the animal was under very light ether anesthesia (at 4). At C, 20 mgm./kgm. 
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Fig. 2. Doo 11 kgm. Ether Anesthesia used during Operation 

Top record is that of the arterial blood pressure with Hg manometer. Bottom record 
indicates the time in intervals of 20 seconds and zero blood pressure. Middle record indi- 
cates the time and duration of stimulation of the peripheral end of the cut right vagus nerve. 
1. Stimulation of the vagus while the animal was under deep ether anesthesia. At A, the 
ether was discontinued and the animal allowed to go into light anesthesia. The vagus 
nerve was again stimulated at 2, 3 and 4 with the same current ns that used ini. At B, 50 
mgm./kgm. of cycloheptenylethyl barbiturate was injected intravenously. The vagus 
nerve was stimulated as before at 5, 6, 7, 8 and 9. Amytal sodium 20 mgm./kgm. was in- 
jected intravenously, at C, and subsequently, the vagus nerve was stimulated as before, at 
10, 11 and 12. 

of amytal sodium were injected intravenously. Following this injection a fall 
of only 20 per cent in the blood pressure was produced by excitation of the vagus 
nerve at 10. In the seven dogs studied cycloheptenylethyl barbiturate had less 
influence on the response of the heart to vagus nerve stimulation than did deep 
ether anesthesia, amytal sodium or seconal sodium. The mild depression pro- 
duced we believe, however, is adequate to account in part for the acceleration 
of the heart immediately following the injection of the drug. 

Cycloheptenylethyl barbiturate like all other barbiturates studied depresses 
both the rate and the depth of respiration. Large doses injected rapidly caused 
complete cessation of respiration in expiration although the heart continues to 
beat rhythmically for some minutes. During the sudden fall in blood pressure 
an acceleration of respiration frequently occurs (figure 1). This we believe to 
be a reflex from the carotid and aortic bodies due to anoxia. The rate of respira- 
tion of the animal used in figure 1 was 33 respirations per minute, before the in- 
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jection of the drug. After the injection and at the time of maximum fall in 
blood pressure the respirator}- rate was 48 per minute and as the blood pressure 
recovered the respirator}- rate gradually decreased to 15 respirations per minute. 
Another injection slowed respiration to 12 respirations per minute and following 
a fourth injection, respiration ceased although the heart continued to beat for 
many minutes. After respiration had ceased, artificial respiration or the intra- 
venous injection of epinephrine frequently brought about recovery of respiration 
even when doses as large as 100 mgm./kgm. of cycloheptenylethyl barbiturate 
had been administered. 

The changes in the volumes of the spleen, kidney, intestine and limb, following 
the intravenous administration of the drug were not constant. In most instances 
there was a decrease in the volume of the plethysmographed organ which we 
believe was passive in character, due to the sudden fall in systemic blood pres- 
sure. This change can be seen in figure 1. When the fall in blood pressure was 
not too extensive the volume of these organs increased. In dogs visible swelling 
and flushing of the skin occurred during and immediately following the injection 
of the compound. 

Cycloheptenylethyl barbituric acid, like other intermediate acting barbitu- 
rates, is apparently destroyed in the body. Only one oxidation product “Cyclo- 
heptenonylethyl barbituric acid” has thus far been isolated from the urine of 
rabbits and human beings (8). In the experimental animals as much as 2.3 to 
2.8 per cent of the total amount of the drug administered subcutaneously was 
excreted as this oxidation product, but in man, less than one per cent was found 
in the urine. This oxidation product possesses no narcotic action and is only 
1/20 as toxic as the parent compound for mice. No free cycloheptenylethyl 
barbituric acid was found in the urine. That this barbiturate is destroyed in 
the body has been confirmed by our experiments on nephrectomized rabbits. 
The average sleeping time for 17 nephrectomized rabbits following the intra- 
venous injection of 50 mgm./kgm. of cycloheptenylethyl barbiturate was 61 
minutes as compared to 65.8 minutes for the control animals. Likewise in our 
experiments on a few dogs no notable difference in sleeping times was seen in 
normal and nephrectomized animals. 

SUiMAET 

1. The LD 6 o of cycloheptenylethyl barbituric acid injected intraperitoneally 
is 2S-1 mgm./kgm. for white mice, and 220 mgm./kgm. for albino rats. When 
the drug is injected intravenously the LD 6 , is 119 mgm. /kgm. for rabbits, and 105 
mgm./kgm. for dogs. 

2. Using the duration of induced sleep as the criterion, both rabbits and dogs 
develop a tolerance for cycloheptenylethyl barbituric acid. 

3. Animals rendered tolerant to this barbiturate are also tolerant to pento- 
barbital sodium and vice versa. 

4. Large doses of cycloheptenylethyl barbituric acid rapidly given intrave- 
nously produce a sudden fall in arterial blood pressure. The extent of fall is 
directly proportional to the amount given and to the speed of intravenous ad- 
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ministration. An increased heart rate occurs during the fall and persists for 
some minutes after the blood pressure has returned to the control level. 

5. Large intravenous doses of cycloheptenylethyl barbiturate given rapidly 

produce marked slowing, and may cause permanent cessation, of respiration in 
expiration. The respiratory mechanism fails before the heart. , 

6. In the experiments in which the fall in blood pressure is not extensive there 
appears to be a dilation of the vessels of the spleen, intestine, kidney and limb. 
In all of the experiments in which the fall in blood pressure is sudden and exten- 
sive a decrease in the volume of these organs is observed which we believe to be 
passive in character. The vessels of the skin dilate. 

7. This barbiturate appears to have less depressant effect upon the cardiac 
vagus nerves than do other intermediate acting barbiturates such as amytal 
sodium and seconal sodium. 

8. Like other intermediate acting barbiturates cycloheptenylethyl barbiturate 
is destroyed in the body and is excreted as the parent substance only when ex- 
cessively large doses are given. 
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King (1) in his elucidation of the structure of d-tubocurarine indicated the 
close chemical similarity of d-N-methyl-chondrodendrine and established the 
isomerism of the two dimethyl ethers, d-O-methyltubocurarine and d-O-methyl- 
N-methyl-chondrodendrine. In spite of the ready availability of d-chondro- 
dendnne 2 (2) from various Chondrodendron species, and the ease with which 
the simple alkyl derivatives can be prepared (3, 4), apparently no quantitative 
study of the curariform activity of these compounds has been made. We have 
compared d-N-methyl-chondrodendrine iodide and d-O-methyl-N-methyl- 
chondrodendrine iodide 3 with d-tubocurarine chloride and d-O-methyltubo- 
curarine iodide. 
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d-Tubocurarine: Ri =H; of R s and Ri, one is H the other CHj. Molecular weight 624.7. 
Used as the dichloride-pe'ntahydrate, molecular weight 785.7. M. p. 268-269°C. 

1 Part of the material in this paper was presented before the American Society of Pharma- 
cology and Experimental Therapeutics, Federation meetings, Atlantic City, 1948. See 
Federation Proceedings 7: 243, 1948. 

1 This alkaloid is also known variously as d-bebecrine, d-chondodendrine, and d-curine. 

1 We are grateful to Dr. W. G. Bywater of S. B. Penick & Co., New York, for a generous 
supply of "Radix pareira brava”, a crude drug containing chondrodendrine, and to Dr. D. 
L. Tabern of Abbott Laboratories, North Chicago, Rlinois, for a sample of d-O-methyl-N- 
methyl-chondrodendrine iodide (labelled “bebeerine dimethylether methiodide”) for 
comparison purposes. After this research was completed, we received a sample of “Curare- 
Like Substance”, a solution of d-O-methyl-N-methyl-chondrodendrine chloride, from Dr. 
Bywater. With due allowance for the difference in molecular weight of the halide salts, 
these two compounds were identical in activity with the material that we prepared. 
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d-O-Mdhyltubocurarine: lit, Rj, and R> are CHj. Of the two centers of asj-mmetry, one 
is dextrorotatory, the other levorotatory, Molecular weight 652.8. Used as the di- 
iodide-trihydrate, molecular weight 960.7. M. p. 257-25S°C. (Anhydrous salt, M. p. 
268-270°C.). 

d-N-Melhyl-chondrodcndrine: Hi =H; of Rj and Rj, one is H the other CHi. Molec- 
ular weight 624.7. Used as the diiodide, molecular weight 878.6. M. p. 251-253°C. 

d-O-Mcthyl-N-melhyl-chondrodcndrinc: Rt, R., and Ri are CHj. Both centers of asym- 
metry are dextrorotatory. Molecular weight 652.8. Used as the diiodide, molecular 
weight 906.6. M. p. 257-25S°C. 

Experimental. 

Rais. The relative toxicity was first determined in 160 albino male rats (170-250 Grains). 
Solutions containing 0.10 mgm. curariform ion per cc. were injected intraperitoneally and 


TABLE 1 



d-TUBOCUSAUNE 

d-OUZTHYLTUBO* 

CT7KAKINX 

d-N-VXTHYLCHOV- 

d-O- METHYL- tf- 
JCETHYL-CSONDKO- 
DENDZLNT 

Albino rats 

LD50 

0.22 (0.27)* 

0.022 (0.032)| 0.39 (0.55) 

0.27 (0.37) 

RabbitB 

Head drop 50 

Holaday Head drop 

LD 50 

0.10 (0.12) 
0.12 (0.15) 
0.28 (0.35) 


0.16 (0.23) 
0.19 (0.27) 
0.28 (0.40) 

0.08 (0.11) 
0.09 (0.13) 
0.17 (0.23) 

Cat Gastrocnemius Muscle 

Equivalent Paralysis 

0.04 (0.05) 

0.005 (0.007) 

0.28 (0.40) 0.04 (0.05) 

Man 

Head drop 

0.12 (0.15) 0.020 (0.030) 




* All doses given in mgm. of curariform ion per kgm. body weight. Dose of equivalent 
amount of salt used given in parenthesis. The animal data was treated by the method of 
Miller and Tainter (9) . The standard errors of all the rat data lie within 3% of the figures 
given, within 4% for the rabbit data, within 7% for the cat data. 

the lethal doses determined (see Table 1) . Four to 10 minutes after receiving a lethal dose, 
the animals became limp and unable to walk, respiration stopped in an additional 3 to 6 
minutes, and finally cardiac activity ceased. The rats did not show any signs that any of 
these agents had cholinergic activity. They did not sneeze or salivate or evidence chromo- 
dachyria or flush as they do with some samples of crude curare. 

Rabbits. Solutions containing 0.25 mgm. curariform ion per cc. were injected in fifteen 
seconds into the marginal ear vein of 36 rabbits (1.6-3.0 kgm.) individually restrained in 
an enclosed box. The doses producing head drop lasting a minimum of three minutes in 
half of a group of 8 animals were determined (see Table 1). The experiments were repeated 
on the same animals after a one week interval. After an additional seven day rest period, 
the head drop cross-over assay of Holaday, as elaborated by Chase, Schmidt and Bhat- 
tacharya (5) was performed. By this technique, increments of agent are added at fifteen 
second intervals ' ■■ • occurs in all animals. Finally, the dose producing respira- 
tory paralysis w^*" ‘- by this increment technique. This total dose was injected 
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in one minute or les 3 in groups of four rabbits, and the series e\panded until the dose was 
found that killed four of eight rabbits 

Cats Three hundred mgm of sodium barbital and 1 mgm of atropine sulfate per kgm 
were administered intrapentoneally 60-90 minutes prior to operation in eight cats (1 8-3 X 
kgm.) The femoral and sciatic nerves to one leg were cut The peripheral end of the 
cut sciatic nerve was stimulated for one tenth second with 6 volts 60 cycle half wave every 


r T'r'VW TTr'W'or x sttotb rnrrmixrTTff 



Fig. 1 

3 0 Kgm. male cat Gastrocnemius contractions, above, and blood pressure, in mm. 
Hg , below Time marks at S minute intervals 

0 05 Mgm d-tubocurarine chloride pentahydrate per kgm given at T 
0 02, 0 M, and 0 OS Mgm d O-methyl-K-methyl-chonarodendnne per kgm given at C 
The contractions of the gastrocnemius' muscle never returned to normal after the last in- 
jection 


ten seconds by a motor driven interrupter The contractions of the gastrocnemius muscle 
were recorded on a soot kymograph v, ith a weighted lever Carotid blood pressure was 
recorded with the usual mercurv manometer The cats were mechanically oxygenated. 

Fifty micrograms d-tubocuranne chloride pentahjdrate per kgm was given intrave- 
nously as s reference para!} ring dose After the muscle returned to normal, various doses 
of the other agents were given until equivalent paralvsis was produced (see Figure 1). 
The muscle could be partiallv paralyzed by this procedure for three to eight tiroes before 
contractilitv no longer returned to normal 
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Man. An SO kgm. 28 year old white male was placed in a modified Fowler’s position on a 
treatment table (back elevated about 40” from the horizontal, legs about 120° to trunk). 
A strap was placed around the lower thighs to prevent the subject from slipping off the 
table. A standardizing dose of d-tubocurarine chloride was administered into an arm vein 
in a two minute interval and the effects noted. Based on these results, the following dosage 
procedure was devised. At 48 hour intervals the agents were administered intravenously 
until severe, apparently maximal, ptosis resulted. An additional one-fourth of this amount 
was given in the time remaining in the two minute administration period. This total dose 
produced head drop lasting three to five minutes. 

TVithin thirty seconds following the two minute injection period, the individual evi- 
denced ptosis, nystagmus, dysarthia, and rapidly developing generalized dyskinesia which 
became maximal in an additional 00 seconds, with inability to elevate the head. Respira- 
tion was entirely diaphragmatic. The systolic and diastolic blood pressure each fell less 
than 10 mm. Hg. There was no change in pupil size nor gross evidence of excessive sali- 
vation. The effects disappear rapidly following the administration of doses of any of these 
agents producing 3 minute head drop. The individual was able to walk steadily within 
thirty minutes. No neostigmine methylsulfate was administered. 

The subject Btated that there was no feeling of excitement nor loss of pain sensation or 
consciousness. There was no nausea nor desire to defecate or urinate during the procedure. 
The most distressing symptom was the inability to swallow. There was a transient- feeling 
of tingling or flushingjn the extremities following the injection. Diplopia was the first 
subjective indication that- an agent was having an effect, and this persisted for as much as 
two hours after an experiment. There were no noticeable after-effects. The subject did 
not believe that he would be able to distinguish among these drugs and felt that they were 
all identical in subjective effect. 

Doses of d-tubocurarine chloride that produced head-drop for as long as 18 minutes and 
intercostal paralysis for 10 minutes did not have any noticeable histamine-like effects in 
the subject, a known asthmatic, although there was a feeling of tightness of the lower chest 
which was different from the feeling of asthma or bronchospasm. The effects of these 
agents are in general agreement with those described for d-tubocurarine by Smith (6). 

Results. All of these compounds have the same specific action. They pro- 
duce skeletal muscular paralysis and have little other direct observable activity 
in the animal body. The chondrodendrine derivatives differ from the tubocu- 
rarine compounds only in their quantitative activity. d-N-Methyl-chondro- 
dendrine is about one-half as active as the isomeric d-tubocurarine in rats and 
rabbits, although only one-fourth to one-eighth as active in cats and man. Al- 
though the d-O-methyl-N-methyl-chondrodendrine is about equipotent with 
d-tubocurarine, it is only one-sixth to one-eighth as active as its diastereoisomer, 
d-O-methyltubocurarine. The results of the Holaday type assay for d-tubocu- 
rarine and d-O-methyltubocurarine are in good agreement with those quoted by 
Dutcher (3). 

Discussion. Drugs which differ only by internal asymmetry usually differ 
in quantitative activity, but not in qualitative physiological activity. 1-Epi- 
nephrine is several times more potent than d-epinephrine, although the type of 
action observed for both is the same. d-Tubocurarine has one dextrorotatory 
and one levorotatory center of asymmetry; both centers of asymmetry are 
dextrorotatory in d-N-methyl-chondrodendrine (7). 1-Tubocurarine has the 
other possible relationship; i.e., the reverse of d-tubocurarine, with one levo- 
rotatory and one dextrorotatory center. d-N-methyl-chondrodendrine, which 
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has one center of asymmetry the same as and one center opposite from the rela- 
tionship found in d-tubocurarine, has only half the activity of d-tubocurarine. 
As one might expect, 1-tubocurarine, which has both centers with the opposite 
relationship, has the least activity, being only 1/30 to 1/60 as active as d-tubo- 
curarine (8). 

Conversion of d-tubocurarine to the dimethylether, d-O-methyltubocurarine, 
increases its potency eight to ten times. Similarly, conversion of d-N-methyl- 
chondrodendrine to d-O-methyl-N-methyl-ehondrodendrine produces a material 
that is six to eight times more potent. 

Although the potencies of the chondrodendrine derivatives are less than the 
tubocurarine compounds, the similar lack of undesirable side effects in man and 
greater potential availability indicate the need for their clinical investigation. 

SUMMARY 

d-N-Methyl-chondrodendrine iodide and d-O-methyl-N-methyl-chondroden- 
drine iodide were compared with d-tubocurarine chloride pentahydrate and d-O- 
methyltubocurarine iodide trihydrate in rats, rabbits, cats, and man. d-N- 
Methyl-chondrodendrine (as the ion) is about one-half as paralysant as the 
isomeric d-tubocurarine in rats and rabbits, although only one-fourth to one- 
eighth as active in cats and man. d-O-Methyl-N-methyl-chondrodendrine is 
about equipotent with d-tubocurarine, but it is only one-sixth to one-eighth as 
active as its diastereosiomer, d-O-methyltubocurarine. All of these compounds 
have relatively little effect in intact animals other than lissive action on skeletal 
muscles. 
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The exchange of “isosterie” groups such as methyl) hydroxyl or amino groups 
often yields compounds with similar pharmacological properties. A typical 
example as pointed out by Hartung (1) is the close pharmacological similarity 
of phenylethanolamine and /5-phenylpropylamine, which represents an exchange 
of the hydroxyl by a methyl group. Little is known about the effect produced 
by the introduction of a second amino group into the side chain and in particular 
by substituting an amino group for the alcoholic hydroxyl group in alkanol-* 
amines such as epinephrine and ephedrine. The reports in the literature concern- 
ing the chemistry of phenylalkylenediamines are scanty (2, 3), presumably due 
to the difficulties encountered in synthesizing this type of compound (4, 5). 
Since completion of this investigation Funke and Bovet (6) reported on the vaso- 
pressor action of a few primary' diamines. 

Dr. R. Duschinsky and Mr. L. A. Dolan have discovered a general and con- 
venient method (7) allowing the synthesis of a series of such diamines. The 
pharmacological properties of these diamines* have been studied and compared 
in some instances with the corresponding mono-amines. 

Toxicity. Intraperitoneal toxicity was determined in mice and LD50 values 
were calculated in the usual manner from the log dose — percent mortality curves 
(Table 1). The low toxicity of all diamines is striking. Introduction of one or 
two phenolic hydroxyl groups is of little influence on toxicity. The primary 
amines are slightly more toxic than secondary ones. Substitution of cyclohexyl 
for phenyl in the phenyl-2, 3-propanediamines yields compounds with higher 
toxicity. 

In general, replacement of a hydroxy group by the amino group results in a 
decrease in toxicity. Thus the diamines, l-(3,4-dihydroxyphenyd)-N 2 -meth3 , l- 
ethylenediamine (Nu-1408) and l-(3-hydroxyphenyl)-N 2 -methylethylenedi- 
amine (Nu-1683), are considerably less toxic than the corresponding mono- 
amines, epinephrine and ‘Neosynephrine’, respectively. Similarly, the diamines 
possess lower toxicity than their analogs in which an H-atom replaces the second 
amino group. As an example, 1-plienyl-l, 2-propanediamine (Nu-1318) is one- 
sixth as toxic as amphetamine. 

Signs of sympathetic stimulation such as salivation, exophthalmus and pilo- 
motor reaction are observed in mice after toxic doses of almost all diamines. 

The effect on coordinated activity of mice was observed according to the 

♦All diamines are racemic compounds, if not otherwise mentioned. Wherever both 
amino groups are attached to assymetric carbon atoms cis-configuration is assumed in view 
of the method of preparation used (7, 8, 9). 
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nethod of Gunn and Gurd (10). Signs of central stimulation were evident 
inly with diamines having a propyl side chain. The activity of such diamines 
as Xu-1272, Nu-1473, Xu-1318 and Nu-1410 is essentially the same as that of 
iphcdrine but is shorter in duration. 

Circulation. Pressor potency and duration of action of all compounds was 
determined on intravenous administration in decapitated cats and in dial- 
urethane anesthetized cats and dogs. At least three animals were used for each 
compound. Epinephrine served as reference compound. When tachyphylaxis 
was apparent, only the first injection was considered for evaluation of pressor 
potency. All data concerning pressor activity and duration of action relative 
to epinephrine are presented in Table 1. 

Some of the diamines, such as Xu-1408, Nu-1825, Xu-1683, and the d-isomer 
of the latter, are potent pressor substances. They are, however, one-tenth 
as active as the corresponding compounds, epinephrine, arterenol and 'Neo- 
synephrine’ which possess an alcoholic hydroxyl group. A similar relationship 
exists between the amino and hydroxy compounds of the phenylpropane series. 
Xu-1272 and Xu-1318 are one-third as active as ephedrine and ‘Propadrine.’ 
There is, however, no definite relationship between the pressor potency of dia- 
mines and that of the corresponding compounds in which an H-atom replaces 
the second amino group. Xu-1408 equals ‘Epinine’ (11) in pressor activity and 
Xu-1271 and Xu-1318 are as potent as desoxyephedrine and amphetamine, 
whereas the diamines corresponding to phenethylamine, ‘Paredrine’ and ‘Tua- 
mine’ are less active than the latter. 

As to the relationship between structure and pharmacological action among 
diamines we find that it follows rules established for monoamines (1). Catechol 
derivatives have greater pressor activity than phenol derivatives and the latter 
have greater activity than unsubstituted phenyl derivatives. There is little 
difference in pressor activity between corresponding primary and secondary 
amines. 

According to Funke and Bovet (6) the amino analogs of phenylethanol- 
amine (Xu-1472) and of arterenol (Xu-1825) appear to have equal pressor ac- 
tivity, while we found Xu-1825 almost one hundred times stronger than Nu- 
1472. 

Duration of action is shorter with the diamines of the phenylpropane type 
than with the corresponding mono-amines. The relationship in this respect is, 
however, reversed with analogous compounds possessing one or two phenolic 
hydroxyl groups. The effect of l-(m-hydroxyphenyl)-X*-methylethylene di- 
amine (Xu-1GS3) is of considerably longer duration than that of an equi-active 
dose of ‘Xeosvnephrine.’ 

The arvlpropanediamines showed marked tachyphylaxis, while the aryleth- 
ylencdiamines and the anibutanediamines did not. 

Xu-1683, like ‘Xeosvnephrine,’ is active when injected into the jejunum. In 
3 out of 5 dogs in dial-urethane anesthesia, 10 mgm. of Xu-lCS3 per kgm. pro- 
duced a pronounced and long-lasting rise in arterial pressure as illustrated in 
figure 1. 


TABLE 1 

Toxicity and pressor action 
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' The qualitative action of Nu-1408 on arterial pressure was further analyzed 
in comparison with epinephrine. Nu-1408 produced a pure pressor effect; the 
depressor component usually observed with epinephrine was absent (figure 2). 
In cats, the pressor action of Nu-1408 was abolished but not reversed by ergot- 
amine. In dogs, however, the action of Nu-1408 was reversed after the intra- 
venous injection of 5 mgm. of yohimbine per kgm. In cats, cocaine potentiated 
the pressor response to Nu-1408 to a greater degree than that to epinephrine. 

In the course of studies on stability an interesting phenomenon was observed. The 
pressor activity o! one per cent solutions of Nu-1408 in the presence of 0.1 per cent Bodium 
bisulfite, although unaltered by heat sterilization and by “ageing” for 500 hours at 45° C, 
was enhanced three-fold after exposure to ultraviolet light for 16 hours. The irradiated 
solution had, as figure 2 demonstrates, a biphasic action on arterial pressure in the etherized 
cat and gave a depressor effect after ergotamine. This suggests that epinephrine had been 
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Fig. 1. Effect of 1-(m-hydkoxyfhenyl-N ! -methye etbylenediamine 
dihydrocheorwe(Nu-1683) ok Intra-intestinai. Injection 
D eg f! .6 Kg . , diol-urethane . 

From the top down, carotid arterial pressure, time in minutes. At arrow, Nu-1683, 10 
mgm./kgm, into jejunum. Between A and B 30 minutes. 

formed from Nu-1408 on irradiation with ultraviolet light. In the absence of sodium 
bisulfite, solutions of Nu-1408 turned pink on standing. The oxidation seemed to proceed 
more elowly than with solutions of epinephrine. 


The action of some diamines has been tested on the isolated perfused rabbit's 
heart. When compared to epinephrine, the compounds show a positive ino- 
tropic action which is weaker than to he expected from the pressor ratio. 

Isolated smooth muscle. Spontaneous motility of the isolated rabbit’s 
intestine suspended in Locke’s solution is inhibited by most of the diamines, but 
all are considerably weaker than the corresponding mono-amines. 

Bronchodilator potency relative to epinephrine was determined by the method 
of Castillo and deBeer (12). At least three preparations have been used for 
each compound. The results are compiled in table 2 and a typical record is 
shown in figure 3. Nu-1408, is about 1/20 as active as the corresponding 
mono-amine, epinephrine, but ten times more potent than the primary diamine, 
Nu-1825. A similar potency relationship exists between Nu-1683 and Nu-1896. 
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Fig. 2 . Action of l-(3,4-DiHYDB0XYPHENrL)-N’-METHYL Ethylenediamine 
Diiiydrochloride (Nu-1408) on Arterial Pressure 
Cat 3.5 Kg., ether anesthesia. 

From the top down, carotid arterial pressure, signal of injection, time in minutes. 

From left to right at: A. Nu-1408, 0.03 mgm./kg.; epinephrine, 0.0025 mgm./kg.; Nu- 
1408 (u.v.)*,0.01 mgm./kg. B. after egotamine tartrate,! mgm./kg; epinephrine 0.0025 mgm./ 
kg.; Nu-1408 , 0.03 mgm./kg.; Nu-1408 (u.v.)*, 0.01 mgm./kg. All injections through 
cannula into femoral vein. 

* u.v. = irradiated with ultraviolet light. 


Oxidation by amine-oxidase. The susceptibility to amine-oxidase (guinea 
pig’s liver brei) of some of these' diamines has been studied, using tyramine as 
standard, by measuring the rate of oxidation in the IVarburg apparatus. The 
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experimental details have been described previously (13). The data presented 
graphically in figure 4 represent the averages of at least three experiments with 

TABLE 2 


Action on isolated organs 


COilPO'Dl.D 

RELATIVE ACTIVITY ON 
TRACHEAL SINGS 

SELATIVE ACTIVITY OX 
INTESTINAL MOTXLIXy 

RELATIVE ACTIVITY OX 
ISOLATED HEART 

Epinephrine 

l 

1 

1 

Nu-1408 

1/20 

1/20 

1/25 

Nu-1825 

1/200 

1/80 

1/100 

‘Neosynephrine’ 


1/50 


Nu-1683 

1/400 

1/1000 

l/irn 

Nu-2013 

1/300 

1/500 

1/1000 

Nu-2014 

1/800 

1/4000 

1/4000 

Nu-1898 

1/4000 

1/4000 

1/800 

Ephedrine 

1/1000 

1/2000 


Nu-1272 


Spasm 


Nu-1410 


<1/10,000 


‘Propadrine’ 


1/5,000 


Nu-1318 


<1/10,000 



Relative Rate of Oxidation. Percent of Tyramint 
10 ZO 30 40 SO 60 70 fid M 100 110 I2D 

Tyramlne 
Epinine 
Nu- 1408 
Epinephrine 
Neosynephrine 
Nu- 1683 
Fhenefhylamme 
Nu - 14-72 . 
Nu- 1473 
Nu- 1318 
Nu - 1272 


Fig. 4, Rate of Oxidation as Percent of Ttramine of Mono- and I5i- Amines 
by Amine Oxidase in Guinea Pig Liver Bbei 

each compound The diamines having ethyl side chains are readily oxidized 
whereas those with a propyl side chain resist oxidation. A certain quantitative 
correlation between mono- and diamines is apparent. Nu-1408 is oxidized at 
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about tbe same rate as its hydroxy analog, epinephrine, but more slowly than 
‘Epinine’ (13). Similarly, the oxidation of Nu-1683 and Nu-1472 proceeds 
at the same speed as that of their corresponding mono-amines, ‘Neosynephrine’ 
and phenylethylamine. It seems that the second amino group is not attacked 
by amine-oxidase. This observation is in accordance with Beyer’s findings 
(14), that amine-oxidase is ineffective against an amino group attached to a 
secondary carbon-atom. The effect of diamine-oxidase on these diamines re- 
mains to be investigated. 

SUMMARY 

A series of 25 aromatic and aliphatic alkylene-a, (3-diamines have been studied. 

Most of the atylalkylenediamines may be considered as derived either from 
alkanolamines by substituting an amino group for the alcoholic hydroxyl group 
or from alkylmono-amines by introducing a second amino group. 

The diamines are usually less toxic but also less potent pressor substances 
than the corresponding alkanolamines but are in many instances as potent as 
the corresponding alkylmono-amines. 

Of the 5 major variations in position of the amino groups in the alkyl chain — 
phenylethylenediamine, phenyl-1 ,2-propanediamine, phenyl-2 ,3-propanedia- 
mine, phenyf-2,3-butanediamine and 2,3-alkyldiamine only compounds of the 
first type such as l-(3 ,4-dihydroxy pbenyl)-N J -methylethylenediamine (Nu- 
1408), l-(m-hydroxyphenyl)-N 2 -methylethylenediamine (Nu-1683), its di-isomer 
(Nu-2013) and the corresponding primary diamines, Nu-1825 and Nu-1896, 
possess sufficiently high pressor activity to be of interest. Nu-1683 and Nu-2013 
resemble ephedrine in pressor potency and duration of action, but are one-third 
as toxic, lack the central stimulating action and do not produce tachyphylaxis. 

The phenylethylenediamines are oxidized by amine oxidase at the same rate 
as the corresponding mono-amines. 
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(gtorge IBardap Wallace 

1874-1948 

The members of the Society for Pharmacology and Experimental Therapeutics 
have experienced a sadness and suffered a loss in the death of Dr. George Barclay 
Wallace which occurred in Bellevue Hospital as the result of a cerebral hemor- 
rhage, January 15, 1948. 

Dr. Wallace was one of the few remaining men of the older order who had not 
only watched pharmacology in this country emerge from empirical therapeutics 
and establish itself as a pure and as an applied science, but he had much to do 
with this transition through research, teaching and the furtherance of various 
organizations and publications of a pharmacological nature. 

The research interests of Dr. Wallace embraced such widely separated in- 
tellectual adventures as the pharmacology of the volatile oils, a study of body 
water, the distribution of various electrolytes in the animal organism, the mode 
of action and comparative efficacy of various saline cathartics, the influence of the 
cyanides on cellular respiration and the glycosuria which develops in the higher 
animals during intoxications by uranium nitrate. In the latter investigation he 
demonstrated that such a glycosuria was not associated with a hyperglycemia 
but made its appearance as the renal injury developed from the use of this heavy 
metal. The action of such metallic poisons stimulated his interest. His last 
research contribution concerned itself with the absorption, distribution in the 
tissues and the elimination of iodine derivatives. This brief account is sufficient 
to indicate the breadth of Dr. Wallace’s research interests and also serves to 
emphasize the general understanding he had of this science and its relationship 
to medicine as a whole. Dr. Wallace was an accurate and a cautious workman. 
His deductions were never expansive beyond the realm of supporting data and 
his studiousness not only made him familiar with the accumulated literature of a 
subject but assured earlier students full recognition for their part in the solution 
of those problems which he undertook. 

As teacher, Dr. Wallace stimulated and gave freedom to that blessed attribute 
possessed by some students, designated thought. This came about not by the 
use of processes commanding memory of dead facts but through experimentation 
and suggestion on his part as the experiment progressed. This gave life to learn- 
ing and substituted wonder and inquisitiveness for the static knowledge of text- 
book material. In his teaching of pharmacology Dr. Wallace kept ever in mind 
that he was imparting information concerning the action of various chemical 
substances to medical students in order that these students as physicians might 
take such learning and with some degree of scientific assurance apply it to tissues 
in the distress and imbalance of an illness in the hope of effecting tissue readjust- 
ments back to or towards the normal. He was concerned with the use of pharma- 
cology ns a scientific tool in the making of good doctors. In his teaching he 
therefore gave emphasis to applied pharmacology. He gave himself freely to his 
students. They in turn gave to him a fine respect and a deep affection 
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Dr. Wallace was one of the initial group of teachers and investigators to form 
the Society for Pharmacology and Experimental Therapeutics. As this or- 
ganization grew and became more complex he served with great faithfulness on its 
various committees and became its president in 1929. He had a continuous 
and sustained interest in the journal of this society and after periods during which 
lie acted as associate editor, he became for a number of years Editor-in-Chief. 
Interest of a similar order was shown by Dr. Wallace for the Society for Experi- 
mental Biology and Medicine, for the Proceedings of this society in the form of 
its journal, for the Harvey Society and the outstanding lectureships which it 
sponsored and for the New York Academy of Medicine. For the Harvey Society 
and the Academy Dr. Wallace served as guide and councilor not onh 1 in a specifi- 
cally designated sense but through the broader relationship of such organizations 
to the medical and scientific life of New York City. His judgment in such 
matters was both sound and conservative and gave him in a measure the position 
of elder statesman for medical affairs in this metropolis. This influence ex- 
pressed itself freely and effectively for the development of his institution, the 
Medical College of New York University. In the anticipated expansion of this 
school as the Bellevue Medical Center this influence exerted itself in an effec- 
tive fashion. 

Over and above specific attainment George Wallace was possessed of a Some- 
thing that was good and fine and noble. His friendship was of a democratic 
order, genuine and lasting. He knew no sham or pretense. He stood squarely 
for the right as his reason gave him the ability to see it. He was a man of 
strength and poise and unassumed dignity. 


W.w. deB. MacNider 



THE DETERMINATION OF 3-(ORTHOTOLOXYL)-l, 2-PROPANEDIOL 
(MYANESIN) IN BODY FLUIDS AND TISSUES, AND ITS DISAP- 
PEARANCE FROM THE BLOOD FOLLOWING INTRAVENOUS IN- 
JECTIONS IN THE DOG 

ELWOOD TITUS, STANLEY ULICK and ARTHUR P. RICHARDSON 1 
Division 0 / Pharmacology, Squibb Institute for Medical Research, New Brunswick, New J ersey 
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It has been recognized for some time that alpha ethers of glycerine produce 
paralysis of a variety of species of animals, presumably by depression of the cen- 
tral nervous system (1, 2). Interest in this group of compounds has been re- 
vived by the investigations of Berger and Bradley (3, 4), who found 3-(orthoto- 
loxyl)-l, 2-propanediol (Myanesin) to be the most potent and the safest of the 
compounds they have examined. Mallinson (5) has used Myanesin in a series 
of 112 cases as an adjunct to anesthesia, and has suggested that it may serve as 
a satisfactory substitute for curare. 

In order to provide the analytical methods required for further pharmacologi- 
cal investigation of myanesin and its analogues, two procedures have been de- 
veloped. The more useful of these depends on the fact that under proper con- 
ditions, phenolic ethers can be made to couple with the more reactive diazonium 
compounds. A somewhat less sensitive method, of interest because it utilizes 
another portion of the myanesin molecule, involves periodate oxidation of the 
glycerine side chain to formaldehyde (6), which may then be determined col- 
orimetrically with chromotropic acid (7). 

PROCEDURE FOR COUPLING METHOD 
Reagents 

Chloroform C. P. redistilled 
2X Sodium Hydroxide 

S5 per cent Phosphoric Acid C. P., washed before use with an equal volume redistilled 
chloroform. * 

Diazotizcd 2,4-dinitroaniline (8). One gram of 2,4-dinitroaniline (Eastman Kodak, 
purified by recrystallization from ethanol-water) is dissolved in 5 ml. of concentrated sul- 
furic acid by wanning gently on the steam bath. The solution is then cooled to 0°C in an 
ice-salt bath. Half a gram of 6odium nitrite is dissolved in another 5 ml. portion of con- 
centrated sulfuric acid which has been cooled to 0°C, and the two solutions are mixed. The 
6ulfuric acid solution of dinitroaniline and sodium nitrite is kept at 0°C and stirred me- 
chanically for an hour, during which 20 ml. of 85 per cent phosphoric acid is added dropwise. 
Six hundred seventy milligrams of urea are then added to decompose excess nitrite, and the 
solution of diazotized 2,4-dinitroaniline is diluted to 100 ml. with 85 per cent phosphoric 
acid. The reagent is prepared by diluting 8 ml. of this stock solution to 100 ml correspond- 
ing to $00 micrograms of dinitroaniline per ml. Both solutions should be stored in the 
refrigerator. They are stable for at least two months. 


1 Present Address Emory University, School of Medicine, Emory University, Georgia. 
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Standard solution of Myancsin. 10 miorograms per ml. in 85 per cent phosphoric acid 
Store in refrigerator. 


Procedure 

A sample of 0.5 ml. of plasma or urino is placed in a glass stoppered, centrifuge tube con- 
taining 9 ml. chloroform and 5 ml. 2N NaOH, (which prevents the extraction of interfering 
substances), shaken mechanically for ten minutes, and centrifuged. The gel and aqueous 
phase are removed by suction through a piece of glass tubing drawn out to a capillary. A 
7 ml. aliquot of the chloroform extract is pipetted into another glass stoppered centrifuge 

TABLE I 


Recovery of Myanesin from plasma 


MYANESIN ADDED TO 
PLASMA 

CTA METHOD 

CODPIINO METHOD 

•jr/ffll. 

tlml. 

% 

y/ml. j 

So 

10 

11.5 

115 


93 

20 

19 

97 


95 

40 

35 

88 


93 

00 

54 

89 


109 

80 

79 

99 

87 

109 

100 

93 

93 

112 

112 


TABLE II 


Recovery of Myanesin from urine 


MYANESIN ADDED TO 
UKINE 

CTA METHOD 

COUPLING METHOD 

l/ml. 

T /ml. 

So 

T /ml. 

% 

10 

9.0 

90 




19 

94 


85 


36 

90 


94 


55 

92 


99 


61 

77 


94 

100 

90 

90 

101 

101 


tube containing 7 ml. of 85 per cent phosphoric acid, shaken mechanically for ten minutes 
and centrifuged. After removal of the upper layer, a 6 ml. aliquot of the remaining phos- 
phoric aGid layer is pipetted into an Evelyn colorimeter tube and 0.5 ml. of diazotized 
2,4-dinitroaniline reagent containing 800 micrograms per ml. of 85 per cent phosphoric acid 
is added. The colorimeter tube is placed in a boiling water bath for 20 minutes, then cooled 
in an ice-bath. Transmission of the red-colored solution is read in an Evelyn colorimeter 
using a 520 filter and the 6 ml. aperture. Eighty-five per cent phosphoric acid is used for 
blank setting of the instrument. Samples have a stable color for at least 24 hours when 
stored in the refrigerator. 


Calculation of Results 

A standard curve is obtained by heating 6 ml. portions of phosphoric acid containing 
from 5 to 50 micrograms of Myanesin with diazonium reagent as described above. With 
the Evelyn colorimeter, such curves show a linear relationship between extinction and 
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quantity of Myanesin, up to approximately 20 micrograms of the drug. With the Beckman 
spectrophotometer, the linearity is retained up to about 50 mierograms, the optical density 
(extinction per cm. depth of solution) per microgram of myanesin being 0.017 . The smallest 
amount of Myanesin which can be determined with significance is 2 micrograms per ml. of 
phosphoric acid. 

To obtain micrograms of Myanesin per ml. of original plasma or urine when the above pro- 


i, 0 . 

~ DOG 



MINUTES AFTER I. V INJECTION 

Fiq. 1. Rate of disappearance of Myanesin from the plasma of dogs after intravenous in- 
jection. All analyses made with coupling method. 


ccdurc iB used, the amount of Myanesin corresponding to the net extinction after subtraction 
of blank vnlues is multiplied by 


2 


9 7 1 

x ? x g*:55 


■= 2.91 


to correct for the aliquots. Sjnco the distribution constants of 3.8 for Myanesin in 
CHCI./O.IN NaOH and ■! 5 for the eamc substance in 85 per cent H.PO./CHCl, permit the 
recovery of £0 per cent of the original quantity of Myanesin over the double extraction step, 
the factor of 1/.S0 is required in the above expressions. 
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PROCEDURE FOR CHROMOTROPIC ACID (CTA) METHOD 
Reagents . 

Chloroform C. P., redistilled 
1.0N Sodium Hydroxide 
0.35N Sodium Bicarbonate 

0.25 per cent Potassium Periodate. 250 mgms. of C. P. KIO» made up to 100 ml. in 0.1N 
HiSO< . This solution is stable indefinitely. 

5.0N Hydrochloric Acid. 

0.1N Sodium Arsenite. Reagent grade. 



ANALYSIS BY CHROMOTROPIC ACID tf/ML 


Fig. 2. Comparison of analyses of plasma concentration of myanesin in dogs as done by 
coupling method and chromotropic acid method. Each point represents a single analysis 
by each method. 

12.5 Molar Sulfuric Acid. 

Chromotropic Acid. 1.0 grams of 1,8-dihydroxy naphtbalene-2,G-disulfonic acid (East- 
man Kodak) dissolved in 20 ml. of water. Shortly before use one part of this stock solution 
is diluted with nine parts of 12.5 molar HjSO<. 

Procedure 

One ml. of urine or plasma plus 0.1 ml. of 1.0N NaOH is shaken vigorously for three 
minutes with 25 ml. of chloroform in a 50 ml. glass stoppered bottle. After settling the 
upper layer is drawn off by means of a capillary pipette attached to an aspirator, and a 
20 ml. aliquot of the lower layer pipetted into a 50 ml. Erlenmeyer flask. The chloroform 
is evaporated from a number of samples simultaneously by placing the flasks in a vacuum 
desiccator. To each residue is added 0.4 ml. of 0.35N NaHCCh and 0.4 ml. ICIOj solution. 
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After standing one hour, 0.1 ml. SS HC1 and 0.2 ml. of 0.1N NaAsO. are added to each 
flask and the solution allowed to stand for twenty minutes to ensure complete fading of the 
temporary iodine color. Four ml. of chrotnotropic acid reagent are added to each flask 
and the contents transferred to test tubes, which are then immersed in a boiling water bath 
for one hour. Since varying amounts of illumination can cause irregularities in the develop- 
ment of color, the bath is best protected from direct light. 

When the reaction has been completed, the tubes are cooled to room temperature, and 
the extinction measured in a Beckman spectrophotometer at 570 m/i using cuvettes of one 
cm. square cross-section. 


Calculation of Results 

A standard curve obtained with a series of samples containing from 5 to 100 micrograms 
of Myanesin in 0.4 ml. of 0.35 molar NsHCOi is linear, the optical density per microgram 
of Myanesin being 0.0099. This value has generally been found to be reproducible within 

TABLE III 


Apparent volume of distribution and urinary excretion of Myanesin following 
intravenous injection in dogs 


DOG NO. 

50 if evs pee mo 

loo vcics pee nto 

Apparent Volume of 
Distribution Per 
Cent of Body Weight 

Per Cent Recovered 
Prom Urine 

Apparent Volume of 
Distribution Per 
Cent of Body Weight 

Per Cent Recovered 
from Urine 

1 

! 

65.8 

! 

1.72 

65.7 

0.72 

3 

6S.5 

1.26 

62.9 

0.34 

S-3 

78.1 

0.16 

68.0 

0.09 

S-4 

76.8 

0.11 

70.5 

0.09 

M-5 

80.5 

0.31 

60.6 

0.15 

Mean 

73.9 

0.71 

65.5 

0.27 


5 per cent. When allowance is made for the 4/5 aliquot of chloroform, the concentration of 
Myanesin in the original sample becomes 126 X D, where D represents the optical density 
of the solution after subtraction of the blank. 

The smallest concentration which can be practically measured is 5-6 micrograms per ml. 
corresponding to values of 0.04-0.05 for D, 

Although the coupling procedure is applicable to both blood and urine, the variable 
blank values encountered make the CTA method unsatisfactory for determinations in 
urine. 

Tables I and II record the recoveries of Myanesin added to plasma and urine. 

In order to study the rate of disappearance of Myanesin from the blood, doses 
of 100 and 50 mgm. per kilogram were administered intravenously to a series 
of normal dogs. Plasma levels determined at various time intervals after admin- 
istration are plotted in Figure 1 . The rapid disappearance of the compound from 
the blood stream is not unexpected in view of the short lived activity of Myanesin 
noted by Berger and Bradley (3), and our observations that the anesthetic effect 
of doses of 50 mgm. per kilogram persisted for only 10 minutes and that of the 
larger doses for 20 to 30 minutes. 

In Figure 2 the result of each plasma level determination by the coupling 
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method is plotted against the value obtained with chromotropic acid for the 
same sample. In general, the results of the two methods agree within about 10 
per cent. Since the two determinations involve different functional groups in 
different parts of the molecule, such agreement would indicate that Myanesin 
and not a degradation product is being measured. 

The total amounts of Myanesin excreted in urine over a period of 80 minutes 
after administration of the drug are recorded in Table III. In no case was more 
than 2 per cent of the original dose recovered in urine. Apparent volume of 
distribution calculated from the data of Figure 1 and recorded in the same table 
suggest that the drug is distributed throughout the body water. 

SUMMARY 

Analytical methods for 3-(orthotoloxyl)-l, 2-propanediol (Myanesin) in- 
volving coupling with diazotized 2,4-dinitroaniline and colorimetric determina- 
tions of the formaldehyde resulting from periodate oxidation have been devel- 
oped. Of these, the former is more generally applicable to plasma and urine. 
The latter, which may be used for plasma determinations, gives results in agree- 
ment with the coupling procedure. 

The rate of disappearance of Myanesin from the blood of dogs receiving doses of 
50 and 100 mgm. per kilogram has been measured. 
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The classic method of Langendorff (I) for the perfusion of hearts from warm- 
blooded animals has been widely employed and variously modified since. Uhl- 
mann and Nobile (2) in presenting an excellent arrangement for exchanging 
perfusion fluids without altering the pressure, have reviewed the earlier work. 
More recently the careful studies of Chenoweth and Koelle (3) have re-empha- 
sized and extended earlier observations in their delineation of the requisites for 
a long-lived preparation. These requisites have been carefully incorporated 
in the present apparatus which does, we believe, represent an efficient and com- 
pact unit for their realization (Fig. I). 

The apparatus, of Pyrex glass and Tygon tubing, employs washed air: (a) 
for agitating the fluid in the constant temperature bath; (b) for circulating that 
fluid through the double-walled chamber enclosing the heart; (c) for recycling 
the perfusion fluid. The apparatus provides for two separate fluid circulations: 
(1) that of the perfusion fluid; (2) that of the warming fluid, which is distilled 
water to obviate gumming of the apparatus. The upper chamber supported 
by two wide brass bands clamped to the stand contains distilled water maintained 
at 39°C., through which passes the perfusion fluid in a glass coil. Inserted into 
the top of this chamber are three things, visible in the picture but omitted in 
the diagram: (1) a bent glass tube carrying air to the bottom of the chamber to 
act as an agitator; (2) a 250 Watt immersion heater; (3) a sensitive thermostat 
to control the heater. Several types of thermostat or heater would obviously 
be satisfactory provided they could be fitted into place between the coils. The 
double-walled chamber surrounding the heart is attached to the upper chamber 
by a 45/50 standard taper glass joint held in position by two wire springs which 
are clearly visible in the picture. A 55/50 would allow more room for sliding 
the lower chamber into position over the heart. The perfusion fluid is put into 
the aspirator bottle on top of the stand. Into its top pass: (1) the perfusion 
fluid return (L) described below; (2) an ordinary "cold finger’’ to lessen evapora- 
tion (see sketch); and, (3) a tube through which bubbles a constant fine stream 
of 95% oxygen and 5% carbon dioxide. This maintains oxygenation and the 
pH of the perfusion fluid (for formula see (1)). The course of the fluid as it 
emerges from the bottle at A is indicated by the consecutive letters of the alpha- 
bet. For the sake of simplicity the Tygon tubing connecting the various pieces of 
apparatus has been omitted in the diagram. The fluid enters at B, a filter 

* Presented ns a static demonstration at the Thirty-First Annual Meeting of the Federa- 
tion of American Societies for Experimental Biology. 
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ordinarily stoppered at the top and containing glass wool, whence it emerges at 
C. Thence it passes behind the board (seen in the photograph but omitted from 
the diagram; it is attached below the stand upon which the perfusion bottle 
rests) to emerge again after having been exposed to an ultra-violet lamp (General 
Electric, 8 Watt germicidal lamp, 11 \ inches long). The glass tube canying the 
liquid in front of the lamp is permeable to ultra-violet. 1 The fluid enters the 



Fio. 1. Diagram and Photograph of Coronarv Perfusion Apparatus 

warming chamber at D and spirals upward to terminate in a well, the upper end 
of which projects in the diagram above the top of the warming chamber. In 
preparation for an experiment that well must be filled with fluid, by keeping 
the finger over the exit of the coil at E, and then stoppered. The well allows 
bubbles of gas, released as the gassed fluid is heated in the warming bath, to 
rise to its top rather than to be carried down through the e.xit at E, as would 

1 This special tubing, 12 mm. in internal diameter, was supplied through the courtesy of 
General Electric Company, Schenectady, New York. 
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the heart. Sudden squeezes, by their considerable, if momentary, effect on the 
perfusion pressure would alter the recording of the contractions. 

The heart is removed in the usual manner and an aortic cannula tied in place. 
This is attached by thick-walled rubber tubing to E. Two skilled operators can 
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Fig. 2. This tracing represents a study of the effects of various drugs commonly em- 
ployed as pharmacological “tools” in this type of preparation. To save space portions of 
the record have been omitted. Numbers above and below “HEART” equal cardiac rates 
per minute before and after injections. Coronary flow is in 13 ml. increments. 


easily hold the time interval during which the coronary circulation is absent 
below one minute, and indeed occasionally' below half a minute. If the time 
exceeds one minute an irregular and short-lived preparation is almost sure to 
result. The double-walled chamber for surrounding the heart is then fitted 
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into place and fastened with two springs attached to the four glass hooks shown 
in the diagram. The glass pulley, attached to a flexible lead rod, is passed in 
through a port in the chamber. The S-shaped tube F at the bottom prevents 
splashing, avoids convection currents within the chamber and allows an evener 
outflow of the perfusion fluid. The stromuhr below F is essentially a carefully 
balanced tipping device, supported at but two points. Only the support toward 
the reader is visible and it is shown in the diagram lifted slightly out of its bearing 
to make clearer that it is a simple, glass hook. It operates as follows:’ The fluid 
from F drips into the chamber G. When the chamber has been filled it drains 
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Fig. 2. ( Continued ) 


by siphon a pc at H. That shifts the stromuhr’s center of gravity so it tilts to 
the left thereby bringing the other chamber under F. This fills in turn and 
siphons out at the right. As the chamber tilts, glass strikers hit rubber mem- 
branes connected to a Marey tambour arranged to record on the kymographie 
record. From the bottom of the collecting U-tube I the perfusate flows into 
an air pump at .1. Air enters at the side in a slow, constant stream and escapes 
upward when the pump is empty. The fluid flows in at ,1 and down through the 
neck into the chamber containing a float with an upper tip which serves to guide 
its rise. As fluid collects in the pump the float rises (in the diagram it is repre- 
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Fig. 3. This tracing represents an assay of Prised solutions secured from a Warburg 
study of possible detoxication bv rat hepatic and renal slices. The original concentration of 
10 mg. /ml. of Priscol was so diluted that each injection of 0.05 ml. would have contained 
50 7 of Priscol, had none been destroyed. Control solutions were prepared in the same 
manner. The solutions studied were as follows: 

Controls 

Priscol in 0.9% saline (P) 

Priscol in buffer, not incubated (PB) 

Warburg Samples 

[No. 3: Buffer with kidney (3) 

“ 4: Priscol with kidney (4) 

“ 5: Priscol with liver (5) 

“ 7: Priscol with liver, then kidney (7) 

“ 10: Priscol in buffer, incubated (10) 

“ 11: Buffer alone, incubated (11) 

“ 13: No. 5 (13) 

“ 14: No. 7 (14) 

“ 1A: Buffer with liver (1A) 

“ 7A: Priscol incubated 2 hours with liver (7A) 

“ 9A: Priscol incubated 3 hours with liver (9A) 

“ 13 A: Priscol incubated 4J- hours with liver (13A) 

“ 14 A : Prised incubated 6 hours with liver (14A) 
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sen ted in the raised position) and two ground glass surfaces are brought into 
juxtaposition. The air, with its ordinary escape thus cut off, forces the fluid 
in the pump out K and up a tube into the perfusion bottle at L. 

The second circulation, that of the wanning fluid, may now be briefly de- 
scribed. It begins at Z and follows letters backward in the alphabet. The 
water emerges from the upper chamber at Z and flows into the lower double- 
walled chamber at Y. It flows out at X and passes into an air lift at W. Air 
carries the wanning fluid out the top and back into the upper chamber at V, 
to complete this circulation. 

With this apparatus the hearts of six species have been successfully perfused: 
those of the cat, rabbit, guinea pig, hamster, rat and dog. With the last, how- 
ever, even the hearts of puppies proved impracticably large for the apparatus 
to yield satisfactory experiments. Experiments were deemed satisfactory if 
regular contractions were maintained throughout and the amplitude of the con- 
tractions at the end of the experiment were at least 50% that at the beginning. 
By this criterion the most sensitive hearts, those of the rat and hamster, func- 
tioned well for at least three to four hours. Drugs were, of course, injected 
during that interval. To minimize a progressive contamination with drugs of 
the recycled perfusion fluid, at least 13 ml. of the fluid was collected and dis- 
carded after each injection of a drug. This volume is that contained in one 
chamber of the flowmeter. The hearts of cats and rabbits usually functioned 
well for 8 hours or longer, and some feline hearts were followed as long as 
16 hours. After such an interval the edema of the heart was considerable but 
an investigation of the potential value to such preparations of blood and various 
substitutes therefor, made it clear that their desirable osmotic effects were more 
than negated by the increases in perfusion pressure necessitated by their vis- 
cosity. In all our experiments the perfusion pressure has been kept within the 
range of 37-50 centimeters of water. The preparations herein described are 
not only valuable for screening new drugs, but, because of their duration, permit 
studies of cardiac metabolism. Figures 2 and 3 represent typical experiments 
secured with this apparatus. 


SUMMARY 

An all Pyrex apparatus for coronary perfusion by the technique of Langendorff 
has been described. Its application to the hearts of six species: rat, rabbit, 
guinea pig, cat, hamster and dog, has been discussed. 
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There is need for a specific and sensitive method for the quantitative deter- 
mination of theophylline in blood and urine in order to follow the course of the 
substance in the body and to control more properly the method of administration 
of this commonly used drug to secure its optimal effects. 

A method applicable to blood has been described by Truitt et al (1) which is 
based upon the spectrophotometric measurement of the color produced by the 
coupling of theophylline with Fast Blue 2 B after preliminary treatment with 
concentrated alkali. 

The method to be described here is based upon a reaction reported by Plum- 
mer and Mendenhall (2). Its advantages are high sensitivity, technical sim- 
plicity, stability of reagents and applicability to both blood and urine. In 
addition it is not interfered with by caffeine, theobromine, uric acid, ethylene 
diamine or sodium acetate. Since the last two substances are commonly added 
to theophylline when it is administered therapeutically it is an advantage that 
their removal is not a necessary preliminary to the quantitation of aminophyl- 
line. The method also is not interfered with by any normal blood property or 
constituent. 

Method 

1. Add 5 cc. of a saturated solution of copper acetate in methyl alcohol to 4 
cc. of a methyl alcohol solution of theophylline in a 15 cc. centrifuge tube. 

2. Let stand tightly stoppered for 4 hours to insure complete precipitation 
of the theophylline copper compound. 

3. Centrifuge for 15 minutes at 1000 R.P.M. 

4. Decant the supernatant liquid, drain and wash the precipitate with 5 cc. 
of methyl alcohol. 

5. Centrifuge as before and again decant and drain. 

6. Dissolve the precipitate in 4 cc. 0.2 N sulfuric acid. 

7. Add 0.5 cc. of potassium iodide solution (1 Gram to 1 cc. water). 

' 8. Titrate the liberated iodine with 0.02 N sodium thiosulfate using soluble 
starch solution as an indicator. 1 mgm. of theophylline is equivalent to 0.57 
cc. of 0.02 N sodium thiosulfate. 

The method was applied to various concentrations of theophylline in methyl 
alcohol. The results are tabulated in Table 1. 

1 Aided by a grant from the American Medical Association Council on Pharmacy and 
Chemistry. 
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Application of Method lo Blood. 

1. Deproteinize by adding 25 parts of blood to 40 parts of 13% trichloracetic 
acid. 

2. Allow to stand 20 minutes; filter or centrifuge. 

TABLE 1 


Volume of 0 OS N sodium thiosulfate which was required to titrate 4 cc. of methyl alcoholic 
solution of theophylline of various concent/ ations. Each lalue is the average of 
five determinations 


11 Gil tbeophylline/100 cc. j 

CC 02 V SODIUM THIOSULFATE 

6 

.14 

to 

.24 

20 , 

.47 

40 

! .94 

SO 

1 S6 

100 

1 2.28 

120 

| 2.71 


TABLE 2 


Determination of theophylline added to blood 


MOM, THEOPHYLLINE ADDED PER 100 C C BLOOD 

UCU. THEOPfli LLLNE FOUNT) PER 100 CC. BLOOD 

.20 

.18 

.20 

.21 

.50 

.50 

.50 

.48 

.80 

.77 

SO 

.79 

TABLE 3 

Determination of theophylline added lo urine 

UGM THEOPHYLLINE ADDED PER 100 CC URINE 

| UCU. THEOPHYLLINE FOUND PER 100 OC. URINE 

.25 

.28 

25 

, .25 

50 

.48 

50 

1 47 

1 00 

1 .97 

1 00 

-9S 


3. Render just alkaline to litmus with 2.5 X sodium hydroxide. 

4. Add 10 cc. of a phosphate buffer of pH S.O. The final pH must lie between 
7.3 and 8.2. 

5. Extract the theophylline by shaking the buffered filtrate with three 20 cc. 
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portions of a mixture of 3 volumes of chloroform and 1 volume of isopropyl 
alcohol 2 for 5 minutes each extraction. 

6. Evaporate the combined extracts just to dryness on a water bath. 

7. Dissolve the residue in methyl alcohol warming on the water bath to facili- 
tate solution. 

8. Transfer the solution to a 15 cc. graduated centrifuge tube keeping the 
final volume of methyl alcohol between 0.3 and 0.5 cc. If this is exceeded warm 
until it is reduced to this range by evaporation. 



M6m.Theophvi.une Per IOOcc. CHjOH 

Fig. 1. Concentrations of Theophylline and Cubic Centimeters of 
Sodium Thiosulfate 

The balance of the determination is carried out as previously described using 

0.005 N sodium thiosulfate solution for the final titration. 1 mgm. of theophyl- 
line is equivalent to 2.28 cc. of 0.005 N sodium thiosulfate. 

Analyses of various amounts of theophylline added to blood in vitro are shown 
in Table 2. 

Application of Method to Urine. 

1. Adjust the pH of the urine to between 7.3 and 8.2 by the addition of 2.5 
N NaOH and one fifth volume of phosphate buffer of pH 8.0. 

2. The balance of the quantitation is carried out as described under the 
determination in blood, steps 5 through 8. The volume of methyl alcohol used 

= This extraction mixture was proposed by Reimers (3) as being more efficient than 
chloroform alone. 



THEOPHYLLINE IN BLOOD AND URINE 


145 


to dissolve the theophylline should be from 1 to 2 cc. 0.01 N sodium thiosulfate 
should be used for the final titration. 1 mgm. of theophylline is equivalent to 
1.14 cc. of 0.01 N sodium thiosulfate. 

Analyses of various amounts of theophylline added to urine in vitro are shown 
in Table 3. 

The data on Graph 1 show that between a concentration of 6 and 100 mgm. 
of theophylline per 100 cc. of methyl alcohol the cc. of thiosulfate bear a direct 

TABLE 4 


Blood theophylline levels {mgm./ 100 cc.) after intravenous administration of 10 mgm. per kgm. 
of theophylline with ethylene diamine 



5 UIN. 

30MTN. 

60 um. 

. 

90 MIN. 

Dog 1 

0.90 

0.54 

0.25 

0 

Dog 2 

0.85 

0.48 

0.20 

0 

Dog 3.. 


0.58 

0.30 

0.13 

Dog 4 

0.76 

0.43 

0.20 

0 

Dog 5. . . 

0.92 

0.47 

0.16 

0 


TABLE 5 


Urinary excretion of theophylline in mgm. after intravenous administration of 10 mgm. per 
kgm. of theophylline with ethylene diamine 



WT, KC. 

0*30 MIN. 

30-60 MIN. 

60-90 min. 

Dog 1. . . 

10.5 

0.52 

0.84 

0.50 

Dog 2 

21.0 

0.75 

0.50 


Dog 3 

9.0 

0.85 

0.45 


Dog 4 

7.7 

0,60 

0.40 

ISReS - 

Dog 5 

7.0 

0.70 

0.35 

0.44 

Average 

11.0 

0.68 

0.51 

0.40 

Average 

mgm./Kg. 


0,062 

0.046 

0.036 


proportion to the theophylline concentration. In blood and urine determina- 
tions theophylline concentrations fall within this range. 

Dclcrnunalion s in the Dog. 

Theophylline was determined in the blood and urine of five dogs at intervals 
after the intravenous administration of 10 mgm. per kgm. of theophylline with 
ethylene diamine. The results are shown in Tables 4 and 5. It- is apparent 
from these data that measurable excretion of theophylline is only 0.14 mgm. per 
kgm. of theophylline in 90 minutes out of a total of 8 mgm. per kgm. available. 
This represents an excretion of but 1.8% of the injected theophylline. The 
method has been applied to human blood and urine with satisfactory results. 























146 


ALBERT J. PLUMMER 


It is planned to determine the fate of the balance of the drug in the body by a 
similar method. 


DISCUSSION 

15 to 20 cc. samples of blood are satisfactory for ordinary determinations of 
theophylline. For the detection of amounts of theophylline of the order of 0.13 
mgm. per 100 cc. blood it is necessary to use a 25 to 30 cc. blood sample. A 
dilute urine may be used directly but a concentrated one should be diluted with 
3 or 4 volumes of water to facilitate the extraction process. 

It is necessary to rigidly exclude water from the solutions when precipitating 
the theophylline with copper acetate otherwise the precipitation may not be 
quantitative. 

'summary 

A method for the quantitative determination of theophylline in blood and 
urine has been described. 

The method is sensitive to 0.13 mgm. anhydrous theophylline per 100 cc. of 
blood or urine. 

Caffeine, theobromine, uric acid, ethylene diamine and sodium acetate do not 
interfere with the determination nor does any normal blood property or constit- 
uent. 

After S mgm. per kgm. theophylline (in aminophylline) intravenously ad- 
ministered to dogs the theophylline was no longer detected in the blood at the 
end of 90 minutes in 4 out of 5 dogs. 

1.8% of the injected theophylline appears in the urine during this 90 minute 
period. 
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Detailed studies of the antimalarial properties, pharmacology and toxicology 
of chloroquine (SN-761S), one of the few promising antimalarial drugs among 
the thousands tested during the past few years (1), have been conducted by 
numerous investigators and these results are summarized in the recent survey of 
Wiselogle (2). Since chloroquine has proved more effective in the treatment 
of vivax malaria than quinacrine (3, 4), most of these studies on the toxicology 
of chloroquine have compared the toxicities of the two substances. The acute 
oral toxicity of chloroquine in the rat and monkey is about the same as that of 
quinacrine. Short-term chronic experiments extending up to 180 days in the 
rat and monkey indicate that chloroquine is slightly less toxic than quinacrine 
(2). In the dog chloroquine is more toxic acutely than quinacrine; however, in 
chronic experiments chloroquine has about the same toxicity as similar dosages 
of quinacrine (5). The present report extends the preliminary Tesults observed 
in this laboratory on the chronic oral toxicity of chloroquine to rats and reported 
by Wiselogle (2) and compares the results of a lifetime study with our published 
observations on quinacrine (6). 

Method. Groups of 10 female and 10 male weanling rats (21 days) from our colony of 
Osborne-Mendel strain were started on each of 6 diets containing respectively 0, 100, 200, 
400, S00 and 1000 p.p.m. chloroquine. The basic diet was composed of the following in- 
gredients: dextrose 63%, casein 18%, corn oil 6%, brewer’s yeast 5%, salt mixture (U.S.P. 
XIII No. 2) 4%, whole liver powder 2% and cod liver oil 2%. The chloroquine was mixed 
with the basic diet by means of a dough mixer. Litter mates were selected and assigned to 
the various groups according to a randomized design of experiment (balanced incomplete 
blocks) (7). All animals were kept in individual cages in a room with controlled temper- 
ature and humidity and were given free access to their respective diets and water. Body 
weights and food consumption were determined at weekly intervals. Surviving animals 
were sacrificed at the end of a two-year period. 

Results. The Effect on Growth and Food Consumption. The differences in 
mean gain in weight of the rats during the fast growing period are shown in 
Table 1. Rats on 100 and 200 p.p.m. chloroquine did not differ significantly 
(p = .05 or less was taken as significant) from the controls. At 400 p.p.m. 
there was a significant inhibition of growth during the first three months of the 
experiment. Most of this was made up during the following months, so that by 
the end of the first year the difference from the controls was no longer significant. 
At 800 and 1000 p.p.m. there was a marked interference with growth from the 
outset. These animals remained stunted until their death. 

The differences in weekly food consumption between the controls and each 
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group of experimental animals during the first twelve weeks and during the second 
twenty-six weeks of the experiment were not significant for the rats on 400 p.p.m. 
or less chloroquine. The highly toxic dosages of 800 and 1000 p.p.m. chloroquine 
significantly retarded the food intake. 

The Effect on Mortality. All rats on concentrations of 800 and 1000 p.p.m. 

TABLE 1 


Mean gain in weight of rats fed diets containing chloroquine 


TIME ON EXPERIMENT 

DOSAGE 07 
CHLOROQUINE 

SEX 

NO. 07 ANIMALS 

MEAN CAIN IN WEIGHT 

nos. 

p.p.m. 



Grams 

3 

0 

M 

10 

357.3 ± 8.5 



F 

10 

216.0 ± 6.4 

3 

100 

M 

10 

368.8 ± 14.7 



F 

10 

221.1 ± 10.7 

3 

200 


10 

337.0 ± 4.2 



F 

10 

191.3 ± 9.1 

3 

400 

M 

10 

291.7 ± 17.8* 



F 

10 

181.0 ± S.l* 

3 

800 

M 

10 

169.9 ± 9.8t 



F 

10 

122.5 ± 7. It 

3 

1000 

M 

10 

100.2 ± 22.lt 



F 

10 

73.9 ± 6.3t 


*p <.01. 

fp <.001. 


TABLE 2 


Per cent mortality of rats fed diets containing chloroquine 


DOSAGE OP 
CHLOROQUINE 

6 MOS. 

12 MOS. 

18 uos. 

24 MOS. 

p.p.m. 

0 

5 

1 

35 

65 

100 

0 


45 

65 

200 

5 


35 

70 

400 

10 


40 

SO 

800 

' 5 

100 1 

100 

100 

1000 

100 

100 j 

100 

100 


chloroquine died within the first year (Table 2). The greater number of the 
deaths in each of these groups fell within a period of about eight weeks. Most 
of the rats on 1000 p.p.m. died between the thirteenth and twenty-first weeks 
(mean survival time 15 weeks) and similarly those on 800 p.p.m. died between 
the twenty-seventh and thirty-fifth weeks (mean survival time 32 weeks). All 




















CHRONIC TOXICITY OF CHLOROQUINE 


149 


the deaths during the first year in the groups on the lower concentrations of 
chloroquine were caused either by respiratory infection or by middle ear disease, 
and on these concentrations no group had more deaths than the control. At the 
termination of the experiment no group which survived beyond the first few 
months had a death rate significantly different from that of the control; however, - 
when all groups were considered together there was a significant positive correla- 
tion (r = +.964; p = .034) between the dietary level of chloroquine and the 
number of survivors. 

Hematology. Blood studies were made three times during the first year and 
once during the second year of the experiment on five or more rats from a group, 
except in those cases where too few survivors remained in a group to continue the 
studies. The outstanding change was a leukocytosis, predominantly neutro- 
philic. It was marked in the group on 800 p.p.m. chloroquine, less striking in 
the group on 400 p.p.m., and scarcely noticeable in those on 200 p.p.m. A slight 
increase in hemoglobin concentration and erythrocyte counts was noted in the 
group on 800 p.p.m. chloroquine. 

Pathology. The detailed description of the anatomical lesions caused by the 
feeding of chloroquine will be published elsewhere (8), and therefore only a brief 
summary will be given here. At autopsy, the gross lesions varied from marked 
in degree at the higher dosage levels to minimal at the lowest. At 1000 p.p.m. 
a majority of the animals had distinctly pale viscera, and at 1000 and 800 p.p.m. 
there was frequently slight roughening of the liver surface, slight pitting of the 
kidneys, atrophy of the testes, and a darker than usual color of the pancreas, in 
fact a general tan tinging of the viscera. From the histopathological standpoint, 
a relatively great variety of changes was produced in comparison with the feeding 
of most other compounds. The really lethal lesions were two — a slow focal 
necrosis of striated muscle, especially cardiac, and secondly, a moderate degree of 
centrolobular hepatic necrosis and fibrosis. 

Other changes, frequent at the higher dosage levels but not necessarily lethal, 
were testicular atrophy, the presence of foam}' macrophages in several locations 
(lung, intestine, spleen, kidney), pigment in uterine muscle and renal convoluted 
tubular cells, foamy renal looped tubular cells, and degenerative changes in the 
pancreatic acinar cells. Generally speaking, there was a sharp drop in incidence 
and/or severity of lesions between the 800 p.p.m. and the 400 p.p.m. levels. At 
1000 and 800 p.p.m., anatomical leisons were marked to very marked, at 400 
p.p.m. they were moderate, at 200 p.p.m. slight, and at 100 p.p.m. questionable. 
A total of 86 rats fed chloroquine plus 15 controls were examined microscopically 
in detail. 

Discussion. The many toxic effects produced by chloroquine in these experi- 
ments warrant a consideration of the relationship of the dosage received by the 
rats and the human dose in the treatment of malaria. The recommended dosage 
regimens in human malaria have been 300 mgm. given on the same day each week 
for suppression and COO mgm. given as an initial dose followed by an additional 
300 mgm. after 0 to 8 hours and a single dose of 300 mgm. on each of the next two 
days for the treatment of an acute attack of vivax malaria (1). Chart 1 shows 
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the calculated chloroquine intake per day in terms of the body weight of the rat. 
These values were calculated from the weekly food intake of the rats at the 
various monthly intervals. The chloroquine intake of the rats at any given 
dosage level decreased rapidly during the first two months and then became al- 
most constant as shown by the straight line (chart 1) at about six months on 
the experiment diet. This fact is accounted for by the change in the growth 
rate of the rats from the fast growing period to the plateau period, while at the 
same time their daily food intake remained almost constant. The slight dif- 
ference in dosage per kgm. of body weight between the female and male animals 



Chart I. Calculated chloroquine intake in MGM/KGM of body weight in rats receiving 
various levels of chloroquine in the diet. 


was produced by the slightly greater amount of food consumed by the females 
in relation to their body weight than by the male rats. This increased chloro- 
quine intake did not produce any demonstrable difference in toxicity between the 
sexes fed similar concentrations. As shown in the chart the dosage of 100 p.p.m. 
chloroquine corresponds to about 4 mgm./kgm. of body weight per day for the 
rat over the greater part of the two-year experiment. This dosage level for the 
rat was a borderline at which slight or questionable damage occurred to some 
rats given chloroquine for two years and no harm occurred to others. It cor- 
responds approximately to the prophylactic dosage in man ; however, taking the 
length of time into consideration, the amount of chloroquine that will produce 
toxic effects in rats is above the therapeutic or prophylactic dose for man. 

Considering the entire series, it is our impression that the toxicity of chloro- 
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quine is slightly less than that of quinacrine to rats. The histopathological 
lesions observed in these experiments showed considerable similarity to those 
following similar dosages of quinacrine. The chief difference was in the lack of 
massive hepatic necrosis with chloroquine; muscle lesions were, however, some- 
what greater. On the same diet quinacrine produced a slightly greater effect on 
mortality at the 400 p.p.m. concentration. All animals on this dosage level of 
quinacrine died while some animals on the same amount of chloroquine survived 
the full two-year experimental period. 'Likewise quinacrine had a slightly 
greater effect on growth at the concentration of 200 p.p.m. There was no 
difference in the effect of the two substances on rats at the low dosage level of 
100 p.p.m. in the diet. In general, the 400 p.p.m. dosage level of both sub- 
stances showed a marked drop in severity of lesions as compared with higher 
levels. 


SUMMARY 

1. A two-year chronic toxicity study with rats fed diets containing from 100 
to 1000 p.p.m. chloroquine showed that the toxicity of chloroquine was very 
slight or questionable at 100 p.p.m. and became progressively more severe with 
each increase in dosage. 

2. There was a significant retardation of growth at a concentration of 400 
p.p.m.; lower dosages produced no effect on growth. 

3. A progressive increase in mortality occurred at dosage levels of 200 p.p.m. 
or more; the 800 and 1000 p.p.m. chloroquine caused early death of all animals. 

4. The outstanding hematological change was a leukocytosis, predominantly 
neutrophilic. This was marked in the group on 800 p.p.m., less striking in the 
group on 400 p.p.m. and scarcely noticeable in those on 200 p.p.m. chloroquine. 
There was an increase in the hemoglobin concentration and erythrocyte counts 
in the rats on the 800 p.p.m. chloroquine. 

5. Histopathological changes increased from very slight or absent in rats on 
100 p.p.m. to marked in those on 800 and 1000 p.p.m. The two prominent le- 
sions at toxic dosages of chloroquine were a slow focal necrosis of striated muscle, 
especially cardiac, and a moderate degree of centrolobular hepatic necrosis and 
fibrosis. 

G. In relation to body weight of the rat the lowest dosage of chloroquine which 
produced slight toxic effects in some animals corresponds to approximately 4 
mgm./kgm./day for two years. 

7 . In comparison with quinacrine fed to rats at similar dosage levels and with 
a similar diet, the anatomical changes produced by chloroquine were similar; 
however, the toxicity of chloroquine was, on the whole, slightly less than that of 
quinacrine. At the low dosage level of 4 mgm./kgm./day there was no notice- 
able difference between the toxicities of the two substances. 
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In a previous publication (1) the toxicity of strychnine was reported for male 
and female rats of different ages. The lethal dose for 50 per cent of the animals 
(L.D.50) increased with male rats from 1.4 mgm. per kilogram for those 6 weeks 
of age to 2.3 rogm. per kilogram for rats 6 months old. The range for female 
rats of corresponding ages increased from 0.9 mgm. to 1.4 mgm. per kilogram. 
About the time this investigation was under way, there were available in the 
laboratory a large number of white rats that had undergone a rather severe 
vitamin A deficiency. The animals which had shown an actual loss in weight 
from 20 to 45 grams during an experimental period of at least 10 weeks on a 
vitamin A deficient diet were selected. These deficient animals were placed 
on a normal diet for a period of three weeks before being injected with strychnine. 
Therefore, the results obtained are on the basis of the permanent effects of vitamin 
A deficiency. 

The references in the literature concerning the effect of vitamin deficiency on 
the toxicity of strychnine are not conclusive. Smith, McClosky, and Hendrick 
(2) report a slight increase in susceptibility of vitamin A-deficient rats to strych- 
nine poisoning. The M.L.D. for normal mature rats was 0.9 mgm. per kilogram; 
whereas the M.L.D. for vitamin A-deficient rats was 0.7 mgm. per kilogram. 
These experiments were based on seven normal animals and nine deficient 
animals. No mention was made of the sex of the animals. Saiki (3), on the 
other hand, states that white rats deficient in Vitamin A can stand larger doses 
of strychnine than animals fed a normal diet. 

A pure sample of strychnine sulfate was selected and the same sample was used through- 
out the experiment. This precaution was necessary because Ward, Munch, and Garlough 
(4) and Poe, Suchy, and Witt (1) report a slight variation in toxicity of different samples 
of strychnine. 

The strychnine sulfate was dissolved in physiological salt solution so that each ml. of 
solution contained the equivalent of 1 mgm. of strychnine alkaloid. Fresh solutions were 
prepared each day that injections were made. The doses were administered by intraperi- 
toneal injections. The animals were placed in individual cages, care being taken to prevent 
undue excitation of the animals during the course of the experiment. Records of the time 
to convulsions and death were carefully made. Albino rats, progeny of the Wistar strain, 
were used throughout the entire experiment. These animals were raised in our laboratory 
under carefully controlled conditions. The animals at the time of injection were between 
17 and 18 weeks of age, and were of the same weight group. 

Because of individual resistances or some of the animals to strychnine, a large number 
of animals should bo used on each dosage in order to determine more accurately the lethal 
dose. Over 1200 deficient rats and around 1000 normal ones were used. 


* For reprints address the junior author. University of Colorado, Boulder, Colorado. 
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The toxicity is expressed in the form of curves as proposed by Trevan (5). 
The toxicity in any given instance may be found by selecting the point where the 
curve crosses the 50 per cent mortality line, and then dropping a perpendicular 
to the dosage line. The curves for normal and vitamin A-deficient animals are 
shown in fig. 1. The toxicities for male and female rats are shown in separate 
curves. 



Dose mgm. per kgm. 

Fig. 1. Toxicitt Curves for Vitamin A Deficient and Control Rats 

From the curves the lethal dose of strychnine for 50 per cent of the male rats 
is as follows: control rats 2.27 mgm. per kilogram, deficient rats 2.23 mgm. per 
kilogram. The corresponding values for female rats are 1.20 mgm. and 1.19 
mgm. The previous values for normal rats 18 weeks of age reported from this 
laboratory are: male rats, 2.3 mgm. and female rats, 1.1 mgm. per kilogram (1). 

With male rats the average times to convulsions for dosages of 1 and 4 mgm. 
per kilogram were 9.6 and 3.0 minutes, respectively. The average times to 
death for the same dosages were 10.4 and 4.8 minutes, respectively. The values 
for female rats were of about the same order. 

CONCLUSIONS 

1. The toxicities of strychnine for normal and vitamin A-deficient white rats 
vary but little. 
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2. Confirmation of previous work in this laboratory shows strychnine to be 
more toxic for female rats than for Vale rats. 
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Because of the unstable nature of ouabagenin, the aglycone of ouabain or 
G-strophanthin, as shown by Jacobs and Bigelow (1), no pure sample has hereto- 
fore been obtained by the usual methods of degradation for the establishment of 
its chemical structure and the determination of its pharmacologic activity. On 
the other hand, certain suggestions of a structural formula for ouabain and thus, 
also, for ouabagenin, have been made by Fieser and Newman (2), Tschesche and 
Haupt (3), and Marker and associates (4). 

Mannich and Siewert (5), whose work Reichstein and Reich (6) recently re- 
viewed, developed a method of mild hydrolysis, and succeeded for the first time 
in isolating from the reaction ouabagenin in crystalline form. Their results cul- 
minated in the proposal of a new formula for ouabain, which, in its simplest term, 
will give rise to ouabagenin and the sugar rhamnose as follows: 


OH 



OH 


I 

CH- 



Professor T. Reichstein, director of the Pharmaceutical Institute of the Univer- 
sity of Basel, Switzerland, to whom we are greatly indebted, prepared especially 
for our pharmacologic investigation a batch of ouabagenin. The melting point 
of the fresh sample -was 263° to 2G5°C., but dropped to about 250°C. upon stand- 
ing, probably due to the formation of a hydrate (6). The product was analyti- 
cally pure. 


For pharmacologic experiments, a stock solution of ouabagenin, 0.1%, was prepared in 
47.5% ethanol, and subsequently diluted in saline to suitable concentrations. The typical 
digitalis-like action of ouabagenin was quickly demonstrated as evidenced by the occurrence 
of systolic ventricular standstill in frogs, and of bradycardia, arrhythmia, secondary tachy- 
cardia, and terminal ventricular fibrillation in cats. We then proceeded to determine its 
exact potency in 11 etherised cats by the intravenous injection of a 1 :50,000 solution at the 
rate of 1 cc. per minute. It was also assayed in frogs by the 1-hour method with 1:10,000 
and 1:2,000 concentrations, injected into the ventral lymph sac. In addition, the emetic 
action of ouabagenin was tested out in non-anesthetized cats by rapid intravenous injection 
of the stock solution. 


156 



OUABAGENIN 


157 


The results in anesthetized cats are listed in table 1. The mean 1 lethal dose 
(LD) of 11 animals is 238.9 t»g. per kg. computed geometrically. Compared with 
its parent glycoside ouabain, which has a mean LD of 116 ng. per kg. (7), ouaba- 
genin is approximately one-half as potent. The mean LD of ouabain was com- 
puted from the protocols of a previous paper (8). It illustrates very definitely 
that the presence of a sugar on C 3 , which in this case is rhamnose, enhances the 
cardiac activity, thus making ouabain twice as strong as ouabagenin. This is in 
line with the results of 4 other pairs of aglycones and their glycosides previously 
reported from this laboratory, namely, strophanthidin, periplogenin, digoxigenin, 
digitoxigenin, cymarin, periplocymarin, digoxin, and digitoxin, respectively 
(7-11). They are contrasted in figure 1, all expressed in the number of mean 
LD’s in 1 mg. The difference in activity between an aglycone and its parent 
glycoside may be even greater if the reaction of hydrolysis causes an alteration of 

TABLE 1 


Determination of Lethal Dose in Etherised Cats 


CAT NUMBER 

SEX 

BODY WEICHT 

DOSE TO KILL 

1 

F 

h- 

2.778 

re- pc ts 

165.5 

2 

F 

2.555 

254.2 

3 

F 

2.542 

350 3 

4 

M 

2.245 

360 8 

5 

F 

2. 4S0 

171 0 

6 

F 

2 600 

15S.8 

7 

F 

2 563 

241 9 

8 

M 

2 505 

169 3 

9 

M 

2 415 

229 4 

to 

F 

1 998 

338.3 

II 

M 

1 951 

305.5 

Mean LD ± standard error . 


238.9 =fc 23.4 


the aglycone molecule. This is exemplified by scillaridin A and scillaren A, and 
calotropagenin and calotropin, respectively (10). 

In frogs, the number of systolic hearts to the number of animals used, with 
various doses, were as follows: 1/10 with 1.5, 5/10 with 2, 7/10 with 2.5, 9/10 
with 3.5, and 5/5 with 5, ng. per g. The median systolic dose ± standard error 
is thus 2.127 ± 0.166 eg. per g. Assayed side by side, ouabain showed the follow- 
ing. 0/10 with 0.5, 4/10 with 0.7 , and 8/10 with 0.9, eg. per g. ; the median systolic 
dose ± standard error being 0.7513 ± 0.041 „g. per g. The simultaneous stand- 
ardization of the 2 compounds, in the same batch of animals, was necessary, be- 
cause frogs, unlike cats, do not easily repeat results. Unless studied at the same 
tune and in the same batch of frogs, the figures for 2 digitalis-like products are 
, • 

1 According lo statistical principles, the geometric mean is preferable to the arithmetical 
mean. The former is the antilogarithm of the mean of logarithms of individual doses. 
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best not used for comparison. In the present series of experiments in frogs 
ouabain is 2.8 times as potent as ouabagenin. This is probably as close an agree- 
ment as may occur between the cat and the frog methods. Occasionally, the 
order of activity by the 2 methods is just reversed. For example, cymarol 
is more potent than cymarin in cats, but weaker than cymarin in frogs (12). 

The emetic action of ouabagenin in non-anesthetized cats is not only preserved, 
but also unimpaired. The number of animals that vomited with various doses, 
to the number of animals used, were as follows: 1/3 with 36.5, 2/3 with 50, and 
1/1 with 70, ^g. per kg. The median emetic dose ± standard error (EmD M ± 
S. E.) is therefore 42.53 ± 5.95 eg. per kg. Ouabain studied previously and cal- 
' culated in a similar manner, having an EmD S0 ± S. E. of 58.4 ± 9.0 Mg. per kg., 
is actually less active than ouabagenin, weight forweight. This is also true with 
digitoxin and digoxin, although on the heart they are more potent (10). The 
vomiting dose of periplocymarin was already determined (9), the EmDio ± 
S. E. by calculation being 75 ± 16.5 Mg. per kg. In the present study, periploge- 
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Fig. 1. Comparison op Cardiac Activity of 5 Pairs of Aglycones and Their Glycosides 


nin in 1: 1,000 solution with 47.5% ethanol was injected into 8 non-anesthetized 
cats. The frequency of vomiting was in the following order: 0/1 on 50, 1/3 on 
70, 2/3 on 100, and 1/1 on 200, Mg. per kg. The EmD S0 ± S. E. is 85.6 ± 15.4 
Mg. per kg. By calculation of our published results (10), the EmD 50 ’s of cymarin 
and strophanthidin are 74.8 ± 15 and 82.7 ± 7 Mg. per kg., respectively. Pro- 
portionately, periplogenin and strophanthidin have a higher emetic activity than 
their parent glycosides, periplocymarin and cymarin, as compared with their car- 
diac activity. This becomes very obvious in figure 2 when the ratios of mean 
LD S o’s to EmDso’s of 5 pairs of compounds are computed. 

It must be understood that the EmD 50 was determined by rapid intravenous 
injection in non-anesthetized cats, and the mean lethal dose, by slow infusion of 
a suitable solution from the femoral vein of etherized cats. The rate of injection 
in this case was 1 cc. per minute, so that the animal died within 30-60 minutes. 
The two sets of results, therefore, may not be comparable. The problem becomes 
further complicated when one realizes that aglycones are generally more rapidly 
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eliminated than their parent glycosides. Even given at the same rate of slow 
infusion to cause death at the same time, more aglycones may be required due to 
their rapid elimination. Any observed difference in such instances may therefore 
only be apparent and not real. 

To test this point, ouabain and ouabagenin were adopted as examples, and 
were injected in a group of 15 non-anesthetized cats — 8 with the former, and 7 
with the latter. Both drugs were in a 1:2,000 solution with 23.7% ethanol. 
All injections were made intravenously and rapidly — in a fraction of a second. 
The results in general were confirmatory of those by slow injection. Ouabain in 
the dose of 160-225 jig. per kg. killed 3 cats in from 6-28 minutes. One animal died 
in 6 hours on a dose of 140 jtg. per kg., and 3 others lived on doses from 70-110 
jig. per kg. Ouabagenin in doses varying from 330—100 jig. per kg. killed 3 cats 
in 4-10 minutes. The remaining 4 animals survived on smaller doses. It thus 
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and Gltcosides 


appears that even though the time of injection is reduced to less than a second, 
ouabain still remains a little more than twice as potent as ouabagenin. The 
difference in activity between this pair must therefore be accepted as real. 

In our previous investigation of aglycones, digitoxigenin was shown to cause 
convulsions in both frogs and cats (10). In connection with the frog assay and 
the cat-vomiting test of the present work, special attention was paid to this phase 
of action with ouabagenin. No convulsions occurred. Similarly, periplogenin 
did not exhibit any convulsant effect in cats. 


DISCUSSION 

The enhancing effect of the sugar portion of the glycoside molecule can be 
demonstrated by one of two ways. First, the splitting of the sugar, either a 
monosaccharide or a polysaccharide, from the parent glycoside by hydrolysis re- 
sults in reduction of cardiac activity. The decrease in potency from ouabain to 
ouabagenin is a clear-cut example. Secondly, partial synthesis of a new glyco- 
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side from an aglycone gives rise to a more active compound as proved with digi- 
toxigenin, digoxigcuin, stroplianthidin, and periplogenin (11). It may be postu- 
lated, therefore, that by coupling a new sugar for rhamnose with ouabagenin a 
highly potent product may be obtained. Just why a carbohydrate having no 
action on the heart itself increases the cardiac activity of an aglycone, following 
a chemical union, can only be left for future speculation or explanation when our 
knowledge on the site of action of the digitalis group further advances. 

The emetic action of ouabagenin, on the other hand, does not diminish as com- 
pared with ouabain. The slightly higher activity of ouabagenin to cause vomit- 
ing may be due to its smaller molecular size. This is also true with digitoxigenin 
and digoxigenin, and relatively so with strophanthidin and periplogenin. It thus 
indicates that while the removal of the sugar radical from a glycoside reduces the 
cardiac activity, it docs not depreciate the emetic activity. Here is the best evi- 
dence that the emetic activity is no measure of the cardiac activity. For com- 
parative purposes, they must be considered separately, 

SUMMARY 

Ouabagenin is approximately one-half as active on the heart as ouabain in cats, 
and about one-third as active in frogs. 

Ouabagenin is more effective than ouabain in causing vomiting of non-anesthe- 
tized cats, weight for weight. The emetic dose is therefore no measure of the 
cardiac activity when different compounds are compared: 

Unlike digitoxigenin, ouabagenin and periplogenin do not cause convulsions in 
cats or frogs. 

Acknowledgement. The authors arc indebted to Misses Nila Maze, Marian 
H. Ellaby, and Messrs. John S. Welles, E. Brown Robbins, Chester C. Har- 
greaves, and William T. Winchester. . 
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S 

It has recently been suggested (1) that morphine analgesia is mediated wholly 
or in part by the release of epinephrine from the adrenal medulla. This hypo- 
thesis is based on the evidence that morphine causes the release of epinephrine 
from the adrenal medulla (2, 3, 4) and more recent reports that epinephrine 
exerts an analgesic effect (5). This hypothesis implies that the analgesic effect 
of morphine should be reduced or abolished by removal of the adrenal medulla. 
It was the purpose of this study to investigate this possibility in rats, and at 
the same time to determine the statistical reliability of the simple analgesimetric 
method employed by Eddy (6) and Molitor and Latven (7). 

Method. The method employed for the detennination of ‘‘pain” or reaction threshold 
in rats consisted of applying gradual pressure to the rat’s tail by means of a calibrated 
forceps and recording the diameter of the tail at the moment when the animal reacts by 
squeaking. 

Twenty-four male albino rats were used in this study. Reaction thresholds were deter- 
mined by the above method three times at 10-minute intervals. A standard dose of 5 mg./ 
kilogram body weight of morphine sulfate was then administered subcutaneously and single 
reaction threshold determinations were made at 15-minute intervals for the following 25- 
hours. This entire procedure was repeated on 5 occasions at 1- or 2-day intervals. 

The 24 rats were then divided into 2 groups. One group of 11 animals was bilaterally 
adrenalectomized and a small portion of the cortical tissue was transplanted into the 
anterior chamber of the eye according to the method described by Turner (8). The remain- 
ing 13 animals were subjected to laparotomy and exposure, but not removal, of the adrenal 
glands. These rats served as "sham-operated” controls. The above procedure for deter- 
mining changes in the reaction threshold following morphine administration was then re- 
peated exactly on 5 occasions at 1- or 2-day intervals. 

The animals were maintained throughout the experiment on a diet of Wayne Dog Food 
Blox and lettuce. For one week following operation all rats were given 1.0 per cent sodium 
chloride for drinking water which has been shown by Anderson (9) to be a dietary necessity 
in completely adrenalectomized rats. Operated animals were tested approximately three 
weeks following surgery. 

Results. 1. Reliability of the methods. There are o two aspects of the relia- 
bility of the methods employed which require analysis. These include the 
reliability of the reaction threshold determination, expressed as millimeters of 
tail diameter at the moment of reaction to pain, and the reliability of the mor- 
phine analgesia response, expressed as change in the reaction threshold, 
a. Reliability of reaction threshold determinations. 

Each day, prior to morphine administration, 3 threshold determinations were 
made on each animal. The mean values of the 24 rats for these three trials 

1 Aided by grant from Smith, Kline, and French Laboratories, Philadelphia, Pa. 
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on the 5 test days, prior to operation, are presented in Table 1. A preliminary 
analysis of variance (10) on these data revealed highly significant differences 
between days with significant interaction between rats and days. Inspection of 
the data (Table 1) suggested that these significant differences between days may 
be due to the low values obtained on day 1. When the values of that day 
were omitted, the highly significant differences between days were eliminated. 
Therefore the analysis of variance given in Table 1 evaluated data from days 
2 to 5 only. 

This analysis reveals that the reliability of a single reaction threshold de- 
termination was high as shown by the intraclass correlation of 0.97 and the highfy 
significant differences between individual rats. The reliability signifies that 

TABLE 1 


Reliability of the reaction threshold determination; mean pain threshold of Si normal rats 


TRIALS 

TEST DAYS 

ICE AN 

1 

2 

3 

4 

5 

1 

BE 

8.18 

8.17 

8.20 

8.29 

8.06 

2 


8 24 

8.16 

8.25 

8.25 

8. OS 

3 

7.50 

8.27 

8.13 


8.28 

8. OS 

Mean 

7.49 

8.23 

8 15 

8.21 

8.27 

8.07 


Analysis of Variance 


SOURCE OF VARIATION 

DECREES FREEDOM | 

MEAN SQUARE 

F RATIO 

Differences between rats 

23 

2.003 

34.53* 

Differences between test days 

3 

.176 

3.034f 

Differences between trials 

2 

.010 

.172 

Error 

259 

.05S 



Interclass Correlation, Coefficient = 0.97. 
* Significant at the 1% level- 
t Significant at the 5% level. 


these differences between thresholds for individual rats are consistent upon 
repetition of the test. 

The analysis further reveals that the three successive trials made each day 
were not significantly different, indicating that no conditioning, either positive 
or negative, occurred. There are, however, differences of slight significance 
(5 per cent level) between the mean values on the 4 different test days. This 
may be due to the fact that, although the position on the rat’s tail where pressure 
was applied was kept constant on each test day, there was some variation between 
test days due to the development of a sore or swelling. This factor also appears 
to be responsible for the lowered intraclass correlation coefficient of 0.91 which 
was obtained when the data (Table 1) were further analyzed by comparing the 
means of 3 trials for each rat on days 2 to 5. This, however, is to be expected, 
since there are greater opportunities for variation both in the technique of 
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measurement and in the characteristic being measured over a period of days 
than over a period of minutes. Nevertheless, the reliability coefficient of 0.91 
is satisfactorily high. 

Although the measurement has a high reliability, on a priori grounds its 
validity as a measure of pain threshold is questionable, since the tail diameter 
at the moment of pain reaction must be influenced not only by pain sensitivity, 
but also by the anatomical diameter of the tail. The anatomical component in 
this measurement undoubtedly contributes significantly to the reliability while 
impairing the validity. This defect in validity could undoubtedly be largely 
overcome by modifying the forceps to register pressure rather than diameter. 



Fig. 1. Analgesic Response to Morphine; Mean of 5 Tests on Each of 24 Normal 

Rats 

b. Reliability of the measurement of analgesic response. 

On each test day after 3 pre-morphine threshold' determinations had been 
made, morphine was injected subcutaneously in a dose of 5 mg./kilogram body 
weight, and single threshold determinations were made at 15-minute intervals 
for the following 21 hours. The mean of all such threshold curves obtained 
before operation is presented in figure 1, which reveals the typical duration- 
effect curve with a maximum effect at 90 minutes. 

In order to provide a single figure to represent the entire duration-effect curve, 
and in order to remove insofar as possible the non-valid anatomical component 
of the reaction threshold measurement, each individual morphine response 
curve was handled as follows. From each of the 10 post-morphine measure- 
ments the mean of the 3 pre-morphine trials was subtracted. The resulting 10 
decrements in tail diameter were then added together and the sign changed from 
negative to positive. The resulting value was taken as the measure of analgesic 
response; it is represented by the shaded area of figure 1. 
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TABLE 2 


Reliability of the analgesic response to morphine 


MEAN ANALGESIC 
RESPONSE 

1 


TEST DAY 


DIFFERENCES 
BETWEEN RATS 

DIFFERENCES 
BETWEEN* DAYS 

FRSOR 

RELIA- 

BILITY 

COEF- 

FICIENT 

(INTRA- 


1 

2 

3 

4 

5 

Mean 

Square 

F Ratio 

] 

Mean 

Square 

F Ratio 



24 normal rats 

11 adrenal- 
ectomized 

11.9 

13.9 

12.7 

' 12.1 

13.0 

19.45I 

2.17* 

13.98 

1.56 

| 8.94 

' 

]0.6S 

rats . . 

13 laparoto- 

7.8 

9.2 

8.2 

7.2 

8.1 


2.84* 

6.10 

1.70 

3.5S 

0.74 

mized rats. . 

9.9 

12 3 


11.8 

11.2 

25.06] 

5.37* 

9.63 

2.06 

4.66 

0.S4 


* Significant at the 1% level. 


TABLE 3 


Analgesic response of rats to morphine before and after adrenalectomy or laparotomy 


RAT NO. 

MEAN OF 5 
TESTS BE- 
FORE OPERA- 
TION 

MEAN or 5 
TESTS FOL- 
LOUING AD- 
RENAL- 
ECTOMY 

DIFFERENCE 

BETWEEN 

MEANS 

RAT NO. 

MEAN OF 5 
TESTS BE- 
FORE OPERA- 
TION 

MEAN OF 5 
TESTS FOL- 
LOWING LA- 
PAROTOMY 

DIFFERENCE 

BETWEEN 

MEANS 

1 

12.80 

9.38 

3.48 

12 

12.32 

10.80 

1.52 

2 

15.62 

7.06 

8.56 

13 

16.74 

15.02 

1.72 

3 

13.58 

10.64 

2.94 

14 

12.45 

13.82 

-1.37 

4 

14.90 

7.26 

7.64 

15 

13 5S 

14.32 

— .74 

5 

14.94 

8.34 

6.60 

16 

11.66 


.72 

6 

15.86 

8.76 

7.10 

17 

■sa 

11.34 

-.32 

7 

10.96 

7.50 

3 46 

18 

‘ J) 

9.86 

,4S 

s 

9.82 

5.68 

4.14 

19 

Ull 


.OS 

9 

11 70 

9.72 

1.98 

20 

13.98 

mm 

3.50 

10 

12.72 

7.02 

5.70 

21 

12.04 

8.56 

3.4S 

11 

13.70 

7.94 

5.76 

22 


7.50 

2.90 





23 

12.66 

12.44 

.22 





24 


12.42 

-1.65 

Mean . . 

13 33 

8 11 

5.21 


12.17 

11.36 

.810 

Standard Devia- 








tion 

±1 82 

±1.42 

±2.14 


±1.82 

±2.19 

±1.71 

Standard Error 

± 644 




rh .475 

T Ratio 

8.09 




1.70 

Signif. . 



High 


1 

None 


Table 2 presents the results of the statistical analysis on the measurements of 
analgesic response in the normal, laparotomized and adrenalectomized rats. 
The reliability coefficient based on the 5 repeated tests in 24 rats before opera- 
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tion was found to be 0.68, which is significant as shown by the significant differ- 
ences between rats. This coefficient is appreciably lower than the previous 
ones discussed, principally because of variation in response to morphine and 
because the anatomical component of the reliability has been largely removed. 

Table 2 also reveals that the 5 successive morphine analgesia responses did 
not differ significantly from one another. There was, therefore, neither con- 
ditioning nor development of morphine tolerance. Similar conclusions apply 
to the adrenalectomized and laparotomized animals. 

2. The effect of adrenalectomy on the analgesic response to morphine. 

The means of 5 determinations of the analgesic response to morphine for all 
animals both before and after adrenalectomy or laparotomy are presented in 
Table 3. The mean analgesic response of the 11 animals before adrenalectomy 
was 13.33, whereas after operation it was reduced to 8.11. This reduction, 
when analyzed by the method of paired comparison, proved to be highly signifi- 
cant. 

On the other hand, the mean analgesic response of 13 animals was reduced 
from a control value of 12.17 to 11.36 following laparotomy. This small differ- 
ence when similarly analyzed proved to have no significance. Thus, the effect 
of adrenalectomy could not be attributed to the non-specific effect of the opera- 
tive trauma. 

An analysis by the method of group comparison showed that the two series of 
animals pre-operatively had mean analgesic responses which were not signifi- 
cantly different from one another, but that following operation the adrenalec- 
tomized group had a significantly lower analgesic response than the laparotomized 
animals. 

These results, therefore, demonstrate that adrenalectomy reduced the anal- 
gesic response to morphine. 


DISCUSSION 

The results obtained demonstrated that the analgesic response to morphine 
as revealed by the simple method employed was significantly reduced in adrenal- 
ectomized rats with cortical transplants. There are three factors, however, 
which must be considered in evaluating the significance of these findings. First, 
the analgesimetric device measured tail diameter which is a curvilinear function 
of the pressure produced. Hence it is of interest to know whether the surgical 
procedures induced any changes in anatomical tail diameter. Statistical analy- 
sis of the pre-medication tail diameters on pain thresholds, revealed no significant 
changes following adrenalectomy or laparotomy. Second, since the morphine 
was administered on a per kilo basis, it is important to know whether changes in 
body weight and therefore changes in absolute morphine dosage, could account 
for the results. The mean body weight of the adrenalectomized animals was 401 
grams before and 390 grams after operation; this slight loss of weight was ac- 
companied by the marked reduction in analgesic response to morphine. How- 
ver, the body weight of the laparotomized animals increased from 38G grams to 
100 grams, accompanied by an insignificant reduction in morphine sensitivity. 
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Changes in absolute dose of morphine, therefore, cannot account for the results. 
Finally, it is important to know whether the adrcnuleetomized animals suffered 
only medullary deficiency, or cortical deficiency as well. The fact that they 
lost only 2.7 per cent body weight during a five-week post-operative period, 
during only the first week of which they received one per cent sodium chloride 
as drinking water, indicates that the cortical transplants provided adequate 
cortical hormone. Puharich and Goetzl (11) have recently reported results 
similar to ours, and further demonstrated that cortical extracts were without 
influence on the analgesic effect of morphine. 

These results, therefore, indicate that removal of the adrenal medulla reduces, 
but does not abolish, the analgesic response of rats to morphine. Furthermore, 
these results are in harmony with the hypothesis that epinephrine released from 
the adrenal medulla in response to morphine is responsible in part for the anal- 
gesic effect of this drug. However, it must be pointed out that complete ac- 
ceptance of this hypothesis must await additional important evidence. Most 
conspicuous is the requirement that the quantities of epinephrine actually re- 
leased in response to morphine must be capable of inducing the required aug- 
mentation of the analgesia. 

SUMMARY AND CONCLUSIONS 

1. The “pain” or reaction threshold of rats was determined by applying 
pressure to the tail with a special forceps which indicated the diameter of the 
tail at the time of vocal reaction. This measurement had a very high reliability, 
or reproducibility, due in part to individual differences in anatomical tail diame- 
ter rather than differences in actual pain sensitivity. 

2. The analgesic response to 5 mg./kilogram of morphine was determined in 
rats by measuring the mean change in “pain threshold” during a 150-minute 
period following subcutaneous injection of the drug. This procedure eliminated 
most of the effect of anatomical tail diameter, and therefore had lower, but 
satisfactory, reliability. 

3. The analgesic response to morphine of 11 rats was determined on 5 alternate 
days before, and 5 alternate days after removal of the adrenal glands and trans- 
plantation of the cortex to the eye. The mean analgesic response (no tolerance 
developed) was markedly and significantly reduced. In a parallel experiment 
in 13 rats in which a sham operation was performed, no significant change in 
analgesic response was obtained. 

4. These results are consistent with, but do not prove, the hypothesis that 
the release of epinephrine from the adrenal medulla mediates in part the anal- 
gesic effect of morphine. 
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The history of the investigations whence have emerged our present views of 
the significance of the role of histamine in allergic states has been too recently 
and thoroughly reviewed to warrant its repetition (1-4). Similarly the history 
of the logical quest for antihistaminic drugs that the development of this theory 
stimulated has been reviewed (5-7). Since several antihistaminic drugs are 
now being clinically employed either here or on the Continent, it seemed worth- 
while to try to determine if they acted by the same mechanism. It appeared 
that indirect evidence for deciding this issue would be forthcoming if a prepara- 
tion could be found such that in repeated experiments a minimally effective 
dose (M.E.D.) of a given antihistaminic could be expected to produce the same 
effect, assuming also that a moderate decrease in that dose would eliminate the 
effect, since it would then be possible to administer one-half the respective 
M.E.D. 's of two antihistaminics, or one-third those of three to determine if 
their effects were strictly additive. To this end nine dogs were surgically pre- 
pared with the technique described by Thiry (8), as subsequently modified by 
Vella (9). They were of both sexes, indeterminate breeds and averaged 19 kg. 
in weight. 

Pboceduke. The dogs were allowed no food for at least twelve hours before the experi- 
ment. The animals were anesthetized with Nembutal administered either intravenously 
in a dose of 30 mg./kg. or intraperitoneally in a dose of 35 mg. /Kg. ItareJy was it necessary 
to administer supplementary Nembutal during the experiment. The systemic effects of 
histamine are too great to make practical the use of unanesthetized animals. 

The gut motility was kymographically recorded by means of a balloon inserted into the 
loop and connected to a bromoform-manometer. A water-manometer was used for some 
of the earlier experiments but the excursions produced thereby wei e excessive. The balloon 
was made in the classical manner bj' inserting a 14 Fr. rubber catheter into a condom which 
was tied off about five inches from the inserted end of the catheter. The tie was made over 
a 2 inch piece of glass tubing of 4 mm. in diameter which had been inserted into the catheter 
to prevent constriction of the catheter’s lumen W'hen the condom was tied in place with 
cotton thread. Because the single orifice of the catheter could have been occluded by a 
spasm of the gut, ten or twelve additional openings w'erc made by a hot needle in the portion 
of the catheter to be included by the condom. Larger openings make the catheter too 
flexible for case of insertion into the loop. In the first experiments 20 cc. of air w'as injected 
into the closed system but it subsequently seemed more desirable to inject only enough air 
to provide a differential of about three inches between the fluid levels in the arms of the 
manometer (equivalent to 21.7 cm. of water). 


* The authors w’ish to express their thanks to Dr. Harry W. Hays w f ho surgically prepared 
the dogs. 
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Injections. AH doses of histamine were diluted with 0.9% saline to a total volume of 
1.0 ml. and injected rapidly. Such injections were made at intervals of fifteen minutes 
except when spontaneous contractions would have obscured the response, at which times 
injections were delayed until the tonus of the gut had decreased to its control level. All 
doses of antihistaminic drugs were diluted with 0.9% saline to a total volume of 5.0 ml. and 
injected at the rate of 1.0 ml. per minute, beginning five minutes after the last injection of 
histamine, since preliminary experiments had indicated that the rapid injection of more 
concentrated solutions caused hypotension and, in the case of some of the drugs, an inter- 
fering stimulation of the gut. Histamine was administered again five minutes after the 
injection of the antihistaminic had been completed. A burette was arranged for the injec- 
tions to lessen the incidence of thrombosis. All drugs were washed into the vein with 5 
ml. of sterile physiological saline. 

Five antihistaminic drugs were studied: 1. I'f.N-Dimethyl-N'-benzyl-N'-phenylethyl- 
enediamine Hydrochloride (Antergan); 2. 2-(N-Phenyl-N-benzyIaminomethyl)-imidazoline 
Hydrochloride (Antistine); 3. 0-Dimethylaminoethylbenzhydryl Ether Hydrochloride 
(Benadryl); 4. N,N-Dimethyl-N'-(p-methoxybenzyl)-N'-(o:-pyridyl) ethylenediamine Hy- 
drochloride (Neoantergan); 5. N,N-DimethyI-N'-benzyl-X'(a-pyridyl)-ethylenediamine 
Hydrochloride (Pyribenzamine). 

The first experiment for each dog involved a two hour recording of the spontaneous 
motility of his Thiry -Vella loop. The second recorded his response to eight suitable like 
doses of histamine given at 15 minute intervals since that gave assurance of the duplicability 
of response. A dose was considered suitable if it caused an elevation of tonus of at least 
1 j inches and not more than 4 inches on the kymographic record. Such doses lay in the 
range of 10 to 20 y/kg. After completion of the preliminary control experiments, the 
minimally effective dose (M.E.D.) of each drug was established for each dog. Since all 
experiments were initiated by two consecutive isometric control responses to the same dose 
of histamine, after which the test drug was given, the M.E.D. of the antihistaminic was 
originally defined as the smallest which would eliminate the response to the first dose of 
histamine given subsequently to the antihistaminic, allow a partial response to the next 
dose and a response equivalent to the control after the following dose. Inevitable physio- 
logical variations made desirable a broadening of this definition to permit the acceptance 
of any experiment in which a response of like magnitude to the control was elicited by no 
later dose of histamine than the fifth after the administration of the antihistaminic, pre- 
supposing that the intervening responses after the eliminated first response had been 
partial. Occasionally a loss of responsiveness to the test doses of histamine necessitated 
doubling or tripling of the test dose before a response comparable to the controls could be 
elicited. This phenomenon was characteristic of one or two of the test dogs but was not 
correlated with the test drugs. 

Results and Discussion. The results of this study, summarized in Table 
1, arc based on over 200 experiments. The estimation of the M.E.D. for each 
antihistaminic in each dog usually involved several experiments but when once 
determined for a particular dog was readily duplicable in that animal. The 
M.E.D. for a given drug in a particular dog was a reproducible value but fre- 
quently differed widely from the M.E.D. of the same drug in other dogs. Once 
the M.E.D. had been established for each drug it became possible to secure 
indirect evidence for the hypothesis that they act by the same mechanism. 
(Typical results may be seen in figures 1 through 5.) They were given in vari- 
ous combinations of two drugs employing one-half the M.E.D. of each (figure 
0) and in various combinations of three drags employing one-third the M.E.D. 
of each (figure 7). Thirty-one experiments were performed using two drugs in 
combination and ten employing three drags in combination. All of these 
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various combinations acted as one would have expected a single drug adminis- 
tered in its M.E.D. to act. Since the actions of these drugs proved to be strictly 
additive one may assume as probable that they act by the same mechanism. 


TABLE 1 






MINIMALLY EFFECTIVE WISE (/Ig-Aff )‘ 


DOG 


HISTAMINE 

Anterjran 

Antistine 

Benadryl 

Neoantcr-j 
gan | 

Pyribenramine 

Brad 

M 

«./*E 

20 

1000 

3000+ 

1000 

150 

150 

Butch 1 . . . 

M 

10 

_ 

— 

— 

— 

50 

Don 

M 

10 

1000 

2000-3000 

1000 

200 

200 

Fritzi 3 

F 

20 

— 

' — 

— 

— 

1 C.100 

Gene 

M 

20 

700-800 

3000+ 

300 

40 

40 

Jessie 

F 

10 

1000 

3000 

750 

25 

100 

Joe. . . 

M 

20 

1000 

3000+ 

1000 

200 

200 

Nickie. . . 

! M 

20 

750 

3000 

250 

50 

20 

Rusty 3 . 

F 

10 

— 


— 


200 


1 Sacrificed after auto-evulsion of the loop. 

3 Experiments abandoned because of intestinal stricture. 

3 Died after accident . 

* The validity of each of the above M.E.D. ’s, as defined earlier in the paper, was con 
firmed by at least one duplication. 
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Flo. 1. Tins Negation or a Standard Histamine-indited Spasm by M.E.D. or 
Antistine is Depicted 


Usually after the administration of the nntihistaminic the response to hista- 
mine was initiated by a brief but marked inhibition of the intestinal motility, a 
peculiarity rarely seen, and to a lesser degree, in the control responses to hista- 
mine. This inhibition so resembled a response to epinephrine that one dog was 
unilaterally adrenalectomized and a second bilaterally adrenalectomized in an 
effort to determine if the inhibition were due to epinephrine suddenly liberated 
from the adrenals. This seemed possible in view of the report by Gibbs and 
McClanahan (1937) (10) that histamine can cause secretion of saliva from the 
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THIRT-VELLA LOOP 
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b-benadrtl 
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Fig. 2. The Negation of a Standard Histamine-induced Spasm by M.E.D. of 
Benadryl is Depicted 
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Fig. 3. The Negation of a Standard Histamine-induced Spasm by M.E.D. of 
Antergan is Depicted 
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Fig. 4 The Negation of a Standard Histamine-induced Spasm by M.E.D. of 

NEO ANTERGAN IS DEPICTED 


submnxillario. It is well known that after the removal of one adrenal the 
remaining gland hypert rophies. Ilad the inhibition preceding the response to 
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liistamine been due to epinephrine liberated from the adrenal medulla we had 
anticipated that it would be absent in the bilaterally adrenalectomized animal 
and in the unilaterally adrenalectomized dog would be temporarily decreased 
until the remaining gland had hypertrophied. Since neither anticipated result 


THIRY-VELLA LOOP 
JUNE 11,1946 

D0G-"D0N*-M-20.42 KG. 
NEMBUTAL ANES. 

DOSES PER KG. 

ABBREV. : 

H « HISTAMINE Pq, 
PBZ'PYRIBENZAMINE 
E * END OF INJECTION 



10:02 KM 7 10-22 I0--2T 1032 10-47 


Fig. 5. The Negation of a Standard Histamine-induced Spasm by M.E.D. of 
Pyribenzamine is Deficted 
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Fig. G. In this experiment each of the antihistnminics employed was injected in one-half 
of its AI.E.D. and the resultant inhibition of the histamine-induced spasm was such ns 
might have been anticipated after the injection of the M.E.D. of either of the drugs. This 
suggests, as does Figure 7 also, that the antihistnminics are additive in their action. 

was seen and the inhibitory phase remained unaltered, one must conclude it was 
not due to epinephrine. The contractile responses to histamine in the adrenal- 
ectomized dog were prolonged, however, so the normal brevity of the response 
would appear attributable in part to epinephrine released by the histamine. 
Only one other possible explanation has occurred to us: that histamine has a 
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biphasic action and that its inhibitory phase (sympathetic ganglionic stimula- 
tion) is more marked after an antiliistaminic has depressed preferentially its 
excitatory phase. This and other pecularities in the responses to histamine are 
considered in a following report. 

Sherrod and his associates (11) reported that Neoantergan and Pyribenzamine 
stimulated the duodenum but that Benadryl did not. This may be attributable 
to the appreciable anti-acetylcholine activity of the last drug. Since the former 
two drugs exhibit that quality but weakly, this is one respect in which their 


OCT 3.1946 
CANINE TV LOOP 
"BRAD*- 15 42 KG -NEMBUTAL 
DOSES PEN KG 
H«20f HISTAMINE 
ANT-333T ANTERGAN 
ATS-- WOOf ANTISTINE 
PB2-50Y PTR1BENZAMWE 




ANT. ATS 

__c ab; . _ 

K>: 23 'lO:aO-lb"S 5 I0C40' 


Fig. 7. In this experiment, as may be seen from Table 1, each antihistaminic was injected 
in a dose representing one-third of its M.E.D. The resultant inhibition of the histamine- 
induced spasm was such as might have been expected after the injection of a M.E.D. of any 
one of the drugs. This suggests therefore that the drugs act by an additive mechanism. 


pharmacological actions differ and the possible significance of this difference for 
the present study cannot now be assayed. Hoekstra and Steggerda (12) found 
that Pyribenzamine invariably increased the amplitude, contraction-frequency, 
or both in the colon of the dog. It is not surprising therefore that the drugs 
acted similarly upon the ileum. Except for the stimulating action upon the gut 
exerted by Neoantergan and Pyribenzamine, and occasionally by Antistine, 
none of the antihistaminics in the doses employed produced any observable 
side effects. 


SUMMARY 

The five antihistaminics: Antergan, Antistine, Benadryl, Neoantergan and 
Pyribenzamine were effective in non-toxic doses in preventing a histamine- 
induced spasm of the ileum in dogs with Thiry- Vella Loops. Since the drugs 
proved additive in their actions, it is presumed that they act by the same or 
very similar mechanisms. 
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Diphenhydramine • HC1 and other antihistamine agents have been shown to 
potentiate the effect of epinephrine on blood pressure (1, 2, 3, 4, 5). It has been 
speculated that these antihistamine substances may interfere with the elimina- 
tion of epinephrine in the body, probably by the inhibition of enzymatic pro- 
cesses, which destroy the latter (6, 7). 

A study of the influence of diphenhydramine ■ HC1 on blood glucose would, 
therefore, reflect not only its pharmacological effect on carbohydrate metabolism, 
but would also reveal the mechanism involved in the joint action of diphenhy- 
dramine -HC1 and epinephrine on hyperglycemia and probably also on blood 
pressure. The present investigation was undertaken with these objectives in 
mind. 

Experimental. Blood glucose was determined by the ceric sulfate microtitration method 
of Miller and Van Slyke (8). Diphenhydramine-HCl and epinephrine were given sub- 
cutaneously. One-tenth of a cubic centimeter of blood was drawn from the marginal 
ear vein of a rabbit at hourly intervals until a maximal glucose level had been reached 
usually 2 to 4 hours after the injection of diphenhydramine and epinephrine. All animals 
were fasted for 24 hours prior to experimentation. 

In some experiments 30-40 mgm./kg. of pentobarbital sodium given intraperitoneally, 
was used to antagonize the stimulating effect of diphenhydramine -HC1 (9). The rabbits 
were anesthetized before the administration of diphenhydramine and epinephrine and kept 
in a depressed state throughout the experiment. 

Results and discussion. E-pinephrine — Hyperglycemia. Our first attempt 
was to work out a quantitative relationship between the dose of epinephrine and 
hyperglycemia. This information is essential in order to understand the mecha- 
nism involved in the combined effect of epinephrine and diphenhydramine on 
blood glucose. 

The curve in figure 1 was made by plotting the maximal increase in blood glu- 
cose against the dose of epinephrine, each point on the ordinate being an average 
value of 5 to 8 determinations obtained in different rabbits. When Log ( K — 
Y)/Y (Y = maximal increase in blood glucose for each dose of epinephrine, 
K == the asymptotic value of Y) is plotted against the dose, a straight line is 
attained. This indicates that the relationship between dose of epinephrine 

Benadryl Hydrochloride and Adrenalin — Parke, Davis Sc Company’s trademarks for 

lphenhydramine Hydrochloride and Epinephrine respectively — were used in the in- 
vestigation. 
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and hyperglycemia may be expressed by a logistic function: Y = j 

(10), in the present case, Y = j j c n>x ~ dose of epinephrine; a, b, K 
= constants determined graphically). 



0 C 01 Of Cl ID L2 1.4 16 16 ZO ZZ 

Dose of Adrenalin rngm/kj (X) 
Fig. 1 


TABLE 1 

Effect of diphcnhydraminc-HCl on blood glucose 


NUMBER 

OF 

RABBITS 

POSE (S.C.) 

BLOOD GLUCOSE 
FASTING VALUE 

(Av. dt S.E.) 

MAX. VALUE 

(Av. ± S E.) 

6 

mgm. ! kg. 

2.5 

1 

(mgm. %) 

S4.3 ± 2.6 

6 


S2.0 ± 2.5 

106.3 ± 4.1 

6 

10.0 

94.7 ± 2.4 

121.3 ± 4.2 

6 

25.0 

84.9 ± 1.7 

126.0 ± 13.1 

6 

50.0 

89.5 ± 3.8 

149.8 ± 13.6 

2 

100.0 

88. 0 

115.10 


INCREASE cut. ± 

S.E. 


8.2 ± 4.5 

24.3 ± 4.8 
25.7 ± 4.8 
41.1 ± 13.2 

60.3 ± 14.1 


Three dead 
1-2 hours 
later. 

Both dead \ 
hour later. 


The effect of diphenhydramine • HC1 on blood glucose. The results 
in Table 1 indicate that diphenhydramine caused a significant increase in blood 
glucose at 5 mgm./kg. subcutaneously. About 60 mgm. per cent increase of 
glucose was found at 50 mgm./kg.; half of the rabbits receiving this dose, how- 
ever, died of convulsive seizures within 1 to 2 hours. In view of the excitement 
observed in these animals, the hyperglycemic effect of diphenhydramine -HC1 
was suspected to be the result of its central nervous stimulating action. 
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In differentiating the central and the peripheral action of diphenhydra- 
mine -HC1 on blood glucose, experiments were conducted in anesthetized rabbits 
(11). The data in Table 2 indicate that diphenhydramine did not affect the 


TABLE 2 


Effect of pentobarbital on diphenhydramine-HCl hyperglycemia 


vein; ee 
or 

RABBITS 

FF.VTO- 

BAEEITAL 

I P. 

EPIXE- 

PHRI.VE 

(SC) 

DIPHEVHI- 

DRAMNE 

RC1 (S C ) 

BLOOD 

Fast Val 
(A\ ±SX) 

LUCOSE 

Max Val * 

(A\ ±SE) 

INCREASE DIFF. ± 

SE 

P 


mgm 

mgm /kg 

mgm /kg. 

(mgm So) 




6 

0 

0 

0 

89 6 ± 3 6 

9S 3 ± 4 1 

8 7 ± 

6.0 

>0.1 

6 

40 

0 

0 

90 8 =fc 1 4 

9S 4 ± 2.4 

7.6 zb 

3 0 

>0.2 

2 

40 

0 

40 

93 0 

105 5 

12 5 



2 

40 

0 

20 

84 0 

92 0 ' 

6 0 



5 

0 

0 10 

0 

96.0 

172 0 

76.0 zb 

5.6 


5 

40 

0 10 

0 

102 0 

202.2 

100.2 ± 

18.2 



* Maximal value during 4 hourly intervals 


TABLE 3 
(a) 

Pentobarbital and blood glucose in the rabbit 


BABBIT vniiBEB 


Fasting level 
Group I 
Group II 

Three hours later 
Group I (Without Pentobarbital) 

Group II (With Pentobarbital 40 mgm /kg 


BLOOD GLUCOSE (mgm 


1 

2 1 
i 

3 

1 4 1 

5 1 

! 6 

90 

1 

1 

86 

91 


93 

95 

1 99 

1 I 

1 

78 

77 


9S 

93 

» 

92 

93 

97 

95 


105 


S4 

S5 



103 


(B) 


Analysis of Variance 



SCTt OF SQUARE j 

D T j 

\ARHNCE 

F 

SVc 

Between groups 

416 8 ' 

3 

13S 9 

2 1 

3.49 

Within groups 

, 1315 8 

20 

i 65.8 

j (Insignificant) : 


Total 

1 1732 6 

23 

1 

l 

I 



blood glucose levels in anesthetized animals, w hereas epinephrine produced the 
usual hyperglycemic effect. The increase of blood glucose follow ing the injection 
°1 a large dose of diphenhydramine-HCl was a result of its central action. 

Anesthesia in these experiments did not have any effect on glucose levels of the 
blood; this is shown by an analysis of variance of blood sugar levels of anesthe- 
bzed and unanesthetized animals. In Table 3 are values of fasting blood sugar 
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of 2 groups of 6 rabbits each and sugar levels taken 3 hours later with and without 
anesthesia. This experimental design gives us the variances within groups and 
between groups in reference to anesthesia and to the time at which the blood 

TABLE 4 


The combined effect of epinephrine and diphenhydramine- HCl with and without anesthesia 





EPINE- 

PHRINE 

(mgro./ 

kg.T.C.) 

DIPHENHY- 

DRAMINE 

(m|HL/kg. 

BLOOD GLUCOSE 
MAXIMUM INCREASE 

(mgm. (Av. dk S.E.) 

DIFFERENCE 
BETWEEN EXPTS. 

P 


2 

0 


0 

35 




2 

0 

1 0 

20 

51 




2 



20 

S5 



2 

4 



0 

57.5 ± 4.3 




2 



20 

25.0 




4 



20 

! 

111.8 ± 11.7 



3 

5 

40 


0 

100.2 ± 18.2 

32.2 ± 24.3 

0.1 







(3-1) 


4 

6 

40 

0.1 j 

40 

GS.O ± 11.9 




TABLE 5 


The effect of epinephrine and cocaine on blood glucose in the rabbit under pentobarbital 


EXPT. NO. 

NO. OF 
RABBITS 

FENTOBARBI- 

T S*SSS / 

EPINEPHRINE 

(m£m./kg. 

COCAINE HCl 
(mgm./kg. 
S.C.) 

BLOOD GLU- 
COSE FASTING 

(Av.) 

MAXIMAL 

(Av.) 

Difr. 

l 

2 

0 

0 

10 

so 

( mgm . %) 

104 

24 

2 

2 

0 

0 

25 

79 

113 

34 


2 

0 

0 

50 

SI 

126 

45 

3 ' 

2 

40 

0 


91 

85 

-6 

4 

1 

40 

0 

25 

87 

79 

-S 


2 

40 

0.1 

25 

90 

153 

63 


2 

0 

0.1 

0 

94 

15S 

64 

5 

2 

40 

0.1 

50 

SO 

183 

103 


2 

40 

0.1 

0 

ss 

180 

9S 


sample was drawn. The variance between groups as compared with that within 
groups is statistically not significant (12). 

The combined effect of epinephrine and diphenhydramine • HCl on 
blood glucose. To investigate the joint action of epinephrine and diphenhy- 
dramine-HCl, the doses of epinephrine (0.1 to 0.2 mgm./kg.) were so chosen that 
its hyperglycemic effect, combined with that due to diphenhydramine -HCl, 












DIPHENHYDRAMINE AND EPINEPHRINE HYPERGLYCEMIA 


179 


would be along tbe steep portion of the epinephrine-response curve (figure 1). 
The hyperglycemic action of diphenhydramine ■ HC1 was assumed to be similar 
to that of epinephrine. The data in Table 4, obtained in both anesthetized and 
unanesthetized rabbits, however, reveal that the joint effect of epinephrine and 
diphenhydramine on blood glucose is additive, but different in nature. The 
component due to diphenhydramine -HC1 could be inhibited by anesthesia. Ap- 
parently, the mechanism involved in the influence of diphenhydramine -HC1 upon 
the effect of epinephrine on blood pressure is different from that on blood glucose. 

The COMBINED EFFECT OF COCAINE AND EPINEPHRINE ON BLOOD GLUCOSE. An 

atropine-like property of diphenhydramine ■ HC1 has been reported by a number 
of investigators (13, 14). On the other hand, the potentiating action of diphen- 
hydramine -HC1 upon epinephrine on the blood pressure, its local anesthetic 
action and its mydriatic action superimposing on that of atropine, appear to point 
to a cocaine-like property. It would be of interest, therefore, to investigate also 
the influence of pentobarbital anesthesia on the joint effect of cocaine and epineph- 
rine on blood sugar. The results in Table 5, obtained under similar experi- 
mental conditions for diphenhydramine and epinephrine, indicate that cocaine 
likewise produced an increase of blood sugar by central nervous stimulation. It 
did not potentiate the effect of epinephrine on hyperglycemia. 

SUMMARY 

The logistic function was found to fit the dose-response curve of epinephrine- 
hyperglycemia 

The combined effect of diphenhydramine and epinephrine on blood glucose was 
investigated; their joint action on hyperglycemia was shown to be additive but 
different in nature. The hyperglycemic effect of diphenhydramine -HC1 was 
apparently due to its central nervous stimulation since it could be inhibited by a 
depressant. 
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Active and stable preparations of relaxin have been available for a number of 
years (1 , 2, 3, 4). The early work of Fevold, Hisaw and Meyer (2) indicated that 
relaxin is probably of a polypeptide nature and can be precipitated with alcohol 
or as a pierate. This substance was originally obtained from the corpora lutea 
of sows and has since been extracted from the whole ovary of pregnant and non- 
pregnant sows (5). However, no investigations have been reported with regard 
to the pharmacological properties of this material. In view of the recent interest 
in the physiology of relaxin, and the evidence that it not only causes relaxation of 
the symphysis pubis of the guinea pig (6, 7, 8) and the mouse (9) but may also 
play an additional role in the bodily economy (10, Tl), it was decided to study 
certain pharmacological aspects of this substance which might be of value for 
future experimental and clinical studies, and might also aid in the understanding 
of the mechanism of its action. 

The work reported in this paper is concerned with the rate of disappearance of 
relaxin from the blood stream and, its speed of action as measured by the effect 
on the pubic symphysis of the guinea pig. In addition, studies are reported on 
the possible role of relaxin in the production of antibodies and on the toxicity of 
several highly purified preparations. 

Materials and methods Assays for the relaxin content of blood serum and urine w ere 
carried out on castrated, female guinea pigs using a slight modification of the method re- 
ported by Abramow itz, Monej , Zarrow', Talmage, Klemholz and Hisaw (12). The animals 
were pretreated \\ ith 1 ug of estradiol daily for 3 days and injected with the assay material 
on the 4th daj One guinea pig unit (G P U ) of relaxin has been defined as that amount 
w hich w ill produce relaxation of the symphysis pubis in tw o-thirds of a group of 12 or more 
guinea pigs 6 hours after injection of the relaxatix-e substance. The actual loosening of the 
pubic ligaments was determined bj gently moving each half of the pelvis up and down in an 
alternate manner All guinea pigs were palpated in this fashion before injection of the test 
material and only those animals used that showed a tight pelvis 

Prior to injection, the blood serum was diluted w-ith physiological saline so that a minimal 
volume of 1 ml was used at each assay The urine was collected under toluene, dialvzed 
against running tap water for 24 hours and concentrated according to the method of Albert 
and Money (13) 

The relaxm used in these experiments was prepared from the ovaries of sows and stored 

1 Aided in part by a grant from the Donner Foundation to Professor Frederick L Hisaw 

! Present Address, Department of Pharmacology, Yale University School of Medicine. 
New Haven, Connecticut 

fn partial fulfillment of the requirements for the degree of Ph D , Harvard University, 
Cambridge, Mass 

3 Present Address- Thyroid Clinic, Massachusetts General Hospital, Boston, Massa- 
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as a dry powder (12). This material (J-46) was assayed on several hundred guinea pigs and 
consistently found to possess a potency of 30 G.P.U. per mgm. dry weight. Prior to treat- 
ment, the relaxin powder was dissolved in distilled water, dialyzed against running tap 
water and NaGl added to bring the salt concentration to 0.85%. A second sample of re- 
laxin used in these experiments was a highly purified preparation (F-l) obtained from Dr. 
E. H. Frieden, Harvard University, and found to contain 250 G.P.U. per mgm. 

Experimental procedure and results. A. Rate of disappearance of relaxin from the 
blood stream. Adult male and female rabbits were injected intravenously with a single dose 
of relaxin which was calculated to produce a concentration of 10-20 G.P.U. per cc. of 4 blood 
serum (14). Blood was withdrawn from the marginal vein of the opposite ear at intervals 
of 5 minutes to 6 hours following injection. At 12 to 24 hours after injection, the animals 

TABLE I 


The relaxin content of the blood serum of rabbits following a single injection 


BABBIT | 

SEX | 

j BODY TVT. | 

i RELAXIN | 

RELAXIN CONTENT OF SERUM. (G.P. UNITS PER ML.) 

NUMBER j 


| 5 min. j 1 hr. | 2 hr. | 3 hr. J 6 hr. | 12 hr. j 24 hr. 


A. Intravenous injection of relaxin (J-46) 



1 

kg. 

G.P. units 1 




! 




73 

■8 


3,640 

10 

5 




0.4 


75 

1 


4,275 

10 

5 

2 



0.5 


74 

■K 


3,600 

S-10 

5 I 

2 i 


i , 


0 

72 


4.20 \ 

3,600 1 

i 10 ! 

i 5 



i 1 


0 

106 

! 

4.87 

8,000 

i 20 

1 10 



2 




B. Subcutaneous injection of relaxin (J-46) 


10 

F 

4.52 

3,000 

10 

5 


2 

0.75 


0 

IV A 

F 

4.30 

3,690 

10 

5 



1.0 


0 

WB 

F 

5.05 

3,690 

10 

4 






8} 

M 

4.6S 

3,480 

10 

5 



1.0 

0.5 


12 

M 

1.71 

1,740 

8 






0.2 

93 

M 

5.40 

4,905 

10 

5 



0.75 


0 

97 

F 

2.90 

2,S00 

10 

5 




0.4 

0 

SOa 

F 

4.85 

S,000 

20 

10 



2 

1 


79 

F 

5.42 

9,000 

20 

10 



2 

1 



wore exsanguinated by eannulation of the carotid artery as large volumes of blood were re- 
quired to carry out the relaxin assay. 

The data obtained from 5 rabbits injected intravenously with relaxin is shown 
in Table I. It may be seen that doses between 3,600 and 4,275 G.P. units pro- 
duced a concentration of 8 to 10 G.P. units per ml. of blood, 5 minutes after injec- 
tion. An approximate doubling of the dose (8,000 G.P. units) resulted in a 
concentration of 20 G.P. units per ml. of serum 5 minutes after injection. While 
these values for the initial concentration of relaxin in the blood may appear high 
it must be remembered that the assay can “distinguish differences in doses of 50 
percent but not less” (12). 

In order to compare the rate of disappearance of relaxin from the blood stream 
\vc have converted the absolute concentrations of relaxin to a percentage by con- 
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sidering the value obtained at 5 minutes after injection as 100 percent. Thus all 
values for the concentration of relaxin in the blood subsequent to the 5 minute 
determination have been referred to this point and the data plotted in figure 1. 



Fig. 1 . Loss of Relaxin from the Blood of the Rabbit at Houhlv Intervals 
after a Single Injection of the Relaxative Substance 

TABLE II 


The progressive decrease of relaxin in the blood of rabbits following a single intravenous or 

subcutaneous infection 


TIME AFTER INJECTION 

PERCENTAGE OT RELAXIN IN THE BLOOD* 

Subcutaneous injection 

Intravenous injection 

5 min. 

100 

100 

1 hr. 

48 

50 

2 hr. 

— 

20 

3 hr. 

20 

— 

0 hr. 

9 

10 

12 hr. 

4.5 

4 

24 hr. 

0.5 

0 


* The percentages are calculated by regarding concentration of relaxin determined, 
five minutes after the injection, as 100%. 


Within 1 hour following injection, a 50 per cent loss of relaxin was observed in 5 
rabbits and at 2 hours only 20 per cent remained in the blood stream (Tables I 
and II). The rate of disappearance then decreased and the curve flattened out 
so that by 12 hours 96 per cent of the substance had been eliminated from the 
blood stream. 
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Assays of urine for relaxin content indicated a concentration of approximately 
1 G.P. unit per cc. Thus in a 24 hour period the rabbits excreted only 1 to 4 
per cent of the injected relaxin by way of the urine. 

Studies similar to those reported above were also carried out following the ad- 
ministration of relaxin by the subcutaneous route (Table I). As may be seen 
from an examination of the data (Table II and fig. 1) the results were essentially 
the same as those obtained in the experiment in which the relaxin was injected 
intravenously. It may also be noted that the maximal concentration of relaxin 
in the blood following a subcutaneous injection occurred within 5 minutes 
(Table I). 


TABLE III 


Time required for relaxation in the guinea pig after subcutaneous, intraperitoneal and 
mtracardiac injections of relaxin (J-46) 


HOUBS ATTER 
INJECTION 

PER CENT GUINEA PIGS SHOWING PUBIC RELAXATION 

After subcutaneous 
injection of 1 G P. 
unit (10 animals) 

After intraperitoneal 
Injection of I G.P. 
unit (11 animals) 

After mtracardiac 
injection of 1 G P. 
unit (15 animals) 

After subcutaneous 
Inj'ectionof 100G.P. 
units (14 animals) 

1 

0 

0 

0 

0 

2 

30 

9 

0 

14 

3 

30 

27 

13 

35 

4 

40 

36 

26 

71 

5 

40 

36 

40 

100 

G 

70 

73 

73 

100 

9 

30 

45 

40 

100 

12 

30 

27 

26 

100 

24 

0 


0 

36 

48 



— 

0 


B. Tune requited for onset of pubic telaxation in the guinea pig. The rapid appearance 
of relaxin in the blood following a subcutaneous injection indicated that the time required 
for a response by the symphysis pubis should not be dependent on the route of administra- 
tion. The following experiments were designed to test this point. Female guinea pigs 
weighing 250 grams were castrated and pcimitted to grow until they attained a weight of 450 
to 500 grams. Groups of 10 to 15 animals were treated with 1 of estradiol daily for 3 days 
followed by relaxin on the 4th day. The first group received 1 G.P. unit of relaxin by the 
subcutaneous route, the second group received 1 G P. unit by the intraperitoneal route and 
the third group received 1 G P unit by the intracardiac route. In addition a fourth group 
received 100 G P. units of relaxin subcut ancously. The pubic symphyses of the animals 
were palpated hourly for the first 0 hours and then checked on the 9th, 12th, 24th, and 48th 
hours for pubic relaxation. 

The data show that the maximal percentage of guinea pigs with pubic relaxa- 
tion was obtained 0 hours after injection of 1 G.P. unit of relaxin (Table III). 
This took place regardless of whether the hormone was administered by the sub- 
cutaneous, intraperitoneal, or intracardiac route. Furthermore it is of interest 
to note that the curves relating the percentage of guinea pigs showing pubic re- 
laxation to the time after injection are practically identical for all three routes of 
i dminixlration (fig. 2). Pubic relaxation was first apparent in a small percentage 
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of the animals within 2 hours after injection, the maximal response was obtained 
in 6 hours and began to disappear by 9 hours. After 24 hours the pubic symphy- 
ses of all guinea pigs given 1 G.P. unit of relaxin were no longer relaxed. While 
the treatment with 100 G.P. units of relaxin did not decrease the time required 
for the first appearance of pubic relaxation, the time for maximal response was 
shortened to 4 hours and in all the animals the pubic symphysis remained relaxed 
for at least 7 hours (fig. 1). 

C. Lack of antibody formation. In view of certain characteristics of relaxin and 
the suggestion that it had a peptide-like structure (2), it was felt desirable to 
investigate its possible antigenic properties. Consequently an attempt was made 
to produce antibodies to relaxin. 



Fig. 2. Time Required for Funic Relaxation in Castrated Guinea Pigs Primed 
with Estradiol and Given a Single Injection of 1 G.P. Unit of Relaxin 
by the Subcutaneous, Intraperitoneal and Intracardiac Route and 
100 G.P. Units of Relaxin sy the Subcutaneous Route 

Rabbit No. 94 received subcutaneous injections of relaxin three times daily on 
the 1st, 2nd, 25th, 26th and from the 72nd to 78th day. The -dose varied from 
585 to 1239 G.P. units of relaxin per injection. After a rest period of 19 days the 
animal was given 250 G.P. units three times daily from the 97th to 131st day. 
The rabbit was exsanguinated on the 136th day and the serum incubated for 1 . 
hour at 37°C. with relaxin added to make a concentration of 1 G.P. unit per cc. 
of serum. Assays of this material on the guinea pig showed no loss in activity. 
Two additional rabbits were injected intravenously with 2,000 G.P. units of re- 
laxin on the 1st and 7th days followed by 2,000 G.P. units intraperitoneally on 
the 13th day (15). The animals were bled 72 hours after the last injection and 
the serum incubated with known amounts of relaxin for 1 hour. No loss in po- 
tency of the relaxin could be detected. 

D. Toxicity of relaxin. The L.D. 50 in mice for a single subcutaneous injec- 
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tion of J-46 was found to be 40,000 G.P. units per kg. body weight (Table IV). 
When the mice were injected three times daily for 1 day an L.D. 50 of 30,000 
G.P. units per kg. body weight was obtained. On the other hand a single intra- 
venous or subcutaneous injection of F-l at a dose level of 80,000 G.P. units per 
kg. body weight gave no adverse results (Table IV). 

Discussion. These studies indicate that relaxin not only disappears from the 
blood stream at a fairly rapid rate but that it also enters the circulation with 
great speed after subcutaneous injection. The maximal recovery of relaxin in 
the blood 5 minutes after a subcutaneous injection and the similarity in the rate 
of disappearance after either intravenous or subcutaneous injection would indi- 


TABLE IV 

Toxicity of relaxin in mice 


NUMBER OF MICE j 

G.P. UNITS or RELAXIN PER KG. BODY WEIGHT 

PER CENT MORTALITY 

A. Single subcutaneous injections of relaxin (J-46) 

4 1 

10,000 

0 

4 

20,000 

0 

12 ; 

40,000 

50 

B. Three subcutaneous injections of relaxin (J-46) 

10 

10,000 (total 30,000) 

50 

C. 

Single subcutaneous injections of relaxin (F-l) 

4 

} 40.000 

0 

4 

SO. 000 

i 0 

D 

. Single intravenous injection of relaxin (F-l) 

5 

SO, 000 

0 


cate that all the relaxative substance has entered the blood within five minutes 
following injection. A similar rate of disappearance has also been reported for 
chorionic gonadotropin (16, 17). 

This extreme mobility of the relaxative substance is in agreement with the ob- 
servation that the route of injection has no effect on the time required for relaxa- 
tion of the symphysis pubis of the guinea pig following injection. It is possible 
to shorten the latent period for pubic relaxation only by increasing the dosage. 

The rapid disappearance of relaxin from the blood stream may be due either 
to an immediate distribution of this material throughout the body fluids, or to its 
destruction or elimination in the urine. It has been noted in the present in- 
vestigation that the maximal amount of relaxin excreted in the urine following 
injection of 1,740 to 9,000 G.P. units is only 4 per cent. In addition Marder 
and Money (IS) have shown that in the pregnant rabbit the relaxin in the urine 
never exceeds 5% of the blood level. Thus it would appear that in the rabbit 
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only a small part of the relaxin is removed by way of the urine and that the body 
is capable of metabolizing the major portion of the relaxative substance at a 
fanly rapid rate. Furthermoie the late of production of relaxin must be equal 
to the rate of destruction and elimination for in both the rabbit (18) and the 
guinea pig (7) the concentration in the blood is maintained at a constant level 
fox a considerable period during pregnancy. In contrast to the rabbit, equal 
concentrations of relaxin have been found in the blood and urine of guinea pigs 
(Zanow 7, and 19). Nevertheless, duiing pregnancy the concentration of re- 
laxin in the blood of the guinea pig is only one tv entieth that of the rabbit and 
this may account in part for the difference between the two species. 

We were not successful in oux attempts to produce antibodies in the rabbit to 
relaxin These results, howevei , were expected for guinea pigs have been given 
biweekly injections of relaxin foi over a year without developing lefractoriness 
to the relaxative substance oi showing symptoms of anaphylaxis. 

Our results indicate that relaxin has a very low toxicity. Injection of 80,000 
G P. units of a highly purified preparation per kg body weight in mice gave no 
untoward lesults. 


SUMMARY AND CONCLUSIOX'S 

The late of absorption fiom the site of injection and disappearance of xelaxin 
from the blood is faiily rapid. Approximately 50% is lost in 1 hour after an 
intravenous injection and is almost entirely absent by 24 hours. The maximal 
concentration of relaxin is found in the blood 5 minutes after a subcutaneous 
injection, following which the late of disappearance is identical to that observed 
for an intravenous injection The latent penod between administiation of the 
substance and relaxation of the symphysis pubis of the guinea pig is the same 
following the injection of 1 G P unit of relaxm by eitliei the subcutaneous, in- 
traperitoneal, or intracardiac routes 

Relaxin is not antigenic and highly purified pieparations of the relaxative 
substance are non-toxic in extremely high doses 

BIBLIOGRAPHY 

1. Fevold, H L, Ills aw, F L , and Mi.i er, R. IC Proc Soc L\pcr Biol and Med, 27: 
004, 1930. 

2 Fenoed, H. L , Hisaw , F L , and Meier, It K Am Clirin hoc , 52: 3340, 1030 

3 Fevoed, H. I, , IIinaw , I' L , and Meiir, It Iv Proc box I \poi Biol and Med , 28: 

000, 1930 

4 1 evold, H. L , IIisaw, I’ I, , am) Leosaru, S L Am ( linn Soc , 54: 254, 1032 

5 Albert, A , Moxm , AV L , and Harrow , M \ Endocrinol, 40: 370, 1947 

6 Hisaw, r L , Zarrow , M X , Mon fa , W t , Tumid, II V X , and ABitAwowirz, 

A A Endocrinol , 34: 122, 1944 

7 Zarrow, M X Proc Soc E\per Biol and Med , 66: 4S«, 1047 

S Taivaoe, R V X Anat Ree , 99: 91, 1947 

9 Haii.K J of Endocrinol , 5: 174, 1947 

10 Hamoi sky, M , and Se arrow , R C Proc Soc LNper Biol and Med , 60 : 8, 1945 

11 111 war, A. D , Hai i , K , and Xxwton, \V H J of Physio! , 106: 37p , 1946 



PHAEMACOLOGT OF HELAXEN 


187 


12. Abramowitz, A. A., Monet, W. L., Zarrow, M. X., Talmage, R. V. N., Kleinholz, 

L. H., and Hisaw, F. L.: Endocrinol., 34: 103, 1944. 

13. Albert, A., and Monet, W. L.: Endocrinol., 38: 56, 1946. 

14. Went, S. and Drinker, C. L.: Am. J. Physiol., 88: 468, 1929. 

15. Botd, W. C.: Interscience Publishers: New York, 1943. 

16. Zondek, B. and Splvan, F.: Vitamins and Hormones, 3: 297, 1945. 

17. Lipschuetz, A. and Vivaldi, T.: C.R. de la Soc. de biol., 116: 87, 1943. 

18. Marder, S. N., and Monet, W. L.: Endocrinol., 34: 115, 1944. 

19. Zarrow, M. X.: Endocrinol, (in press). 


SUGAR ALCOHOLS 


XXVI. Pharmacodynamic Studies of Polyoxyalkylene Derivatives of 
Hexitol Anhydride Partial Fatty Acid Esters 

JOHN C. KRANTZ, JR., C. JELLEFF CARR, JOSEPH G. BIRD and SALLY COOK 
Department of Pharmacology, School of Medicine, University of Maryland, Baltimore 
Received for publication February 19, 1948 

The mixing of immiscible liquids is a problem in many industries and in medi- 
cine. In recent years great strides have been made in the development of new 
dispersing agents which have simplified many of these difficulties. A series of 
polyoxyalkylene derivatives of the hexitols, mannitol and sorbitol, and their 
anhydrides, partially esterified, are being used for this purpose.' 

After toxicological studies in this laboratory had been made, products of this 
type were made available as emulsifiers and solubilizers- in many foods and oil- 
soluble medicinal products, such as the steroids, vitamins A and D, and essential 
oils. After years of extensive ingestion of these substances in small quantities 
in food, no untoward effects have come to our attention. 

The availability of these substances by vein, however, is a problem of special 
pharmacologic and therapeutic interest. If these dispersing agents are available 
by vein in man, it is possible that these substances might be employed in in- 
travenous fat feeding, treatment of tuberculosis (1) , increasing phagocytic activ- 

Chemical and physical characteristics. The derivation of the Tweens from the sugar 
alcohols may be seen in the following formulas: 

CHjOH 

I 

H— -C— OH 

I 

HO— C— H 

I 

H— C— OH 

I 

H— C— OH 

I 

CHjOH 

Sorbitol Sorbitan Tween 20 

R = Lauryl Radical, X = Polyoxyethylene Groups (total approximately 23) 

Tweens are numbered 20, 40, 60, SO, etc. depending upon the acid esterified with the 
hexitan. Tween 20 is the polyoxyethylene derivative of sorbitan monolaurate. As a 
class they are nearly neutral substances; their 5 per cent aqueous solutions or suspensions 
have a pH range from 5 to 7. Their solubility varies from completely water-soluble to 
completely oil-soluble. They are non-volatile, stable substances ranging from limpid 
liquids through viscous oils to waxes. They are non-electrolytes. 


O O 

/ \ / \ 
h 2 c ch-ch*oh H,C CH-CH,OCOR 


HiO > HOHC CHOH XO-HC CH-OX 

\ / \ / 

CHOH CH-OX 


1 The substances used in these experiments were supplied by the Atlas Powder Com- 
pany in Wilmington, Delaware, and are available under the trademark name “Tween”. 
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ity of white cells (2), making available steroids and fat-soluble vitamins by in- 
travenous therapy. In addition, they might prove valuable in increasing the 
penetration by chemotherapeutic agents into lipoid barriers, e. g. bacterial and 
tumor cell membranes. 

The present communication deals wjth early toxicity studies in animals, of 
the polyoxyethylene derivative of sorbitan monolaurate (Tween 20), an unusual 
allergic type of response in one species (dog), and studies in man to determine 
the availability of the Tween for intravenous therapy. 

Toxicology. Extensive feeding studies in this laboratory have shown Tween 
20 to be innocuous in concentrations of 0.5 to 2 per cent in the diet of the white 
rat for nearly the life span. Feeding of 1 gm. per day to the Macacus rhesus 
monkey (4 animals, 17 months) produced no significant histologic visceral changes. 


TABLE 1 

Hemolysis studies vrith Tireen 20 


prSCENTACE TWEEN 20 

NO. EXP. 

HUE POX 90 P£X CENT HEMOLYSIS 



rttnufes 

10 

3 

3-4 

5 

3 

10-11 

2.5 

3 

19-20 

1.0 

6 

25-30 

0.1 

10 

90 

0.01 

10 

No hemolysis in 48 hours 

0.001 

10 

Xo hemolysis in 48 hours 


Acute toxicity ( 'white rat intravenous). Fifteen animals were injected with 
varying quantities of a 10 per cent aqueous solution of Tween 20. In rats weigh- 
ing approximately 200 grams, 0.5 to 1 cc. produced instant apnea, depression, 
exophthalmus and narcosis. Subsequent prompt recovery' occurred within 2 
to 3 minutes. None died over an observation period of 3 days. 

Acute toxicity ( rabbit intravenous). Nine 2 to 2.5 kg. rabbits were injected 
intravenously with varying quantities of 5 and 10 per cent solutions of Tween 20. 
One animal survived an injection of 5 cc. of a 5 per cent solution and 3 animals 
survived injections of 10 cc. of the same solution. The symptoms were similar 
to those described in the rat. Two rabbits succumbed to injections of 7.5 cc. 
of a 20 per cent solution of Tween 20, and 3 died from 5 cc. of a 20 per cent solu- 
tion of Tween 20. Solutions stronger than 10 per cent do not appear to be well 
tolerated. Death was almost instantaneous — it was preceded by nystagmus, 
exophthalmus, gasping and muscular rigidity. 

Hemolysis studies. Serum from dogs after an intravenous injection of 1 cc. 
per kg. of 5 per cent solution of Tween 20 showed evidence of hemolvzed red 
cells. Accordingly hemolysis studies in vitro were conducted. 

The freshly shed, defibrinated blood of the dog was used. Solutions of Tween 
20 in various concentrations in normal salt solution were prepared. To 10 cc. 
volumes of these solutions 0.1 cc. blood were added and mixed at 26 ± 0.5° C. 
The results are shown in table 1 . 
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Tween 20 appears to be a true hemolytic agent, as its capacity to hemolyze 
red cells is not prevented by isotonic salt solution. The effective hemolytic 
concentration in vitro appears to be above 100 mg. per 100 cc. Previous studies 
in this laboratory (3) showed that neither the sugar alcohols nor their anhydrides 
are true hemolytic agents. We have found other Tweens to exhibit less hemo- 
lytic activity. 

Intravenous injections of 5 cc. of 5 per cent Tween 20 in the dog on 3 consecu- 
tive days failed to produce hemoglobinuria. 

Chronic toxicity ( monkey — intramuscular, subcutaneous and intravenous). 
Four large Macacus rhesus monkeys were selected for the study'. Body weight, 
red cell count, hemoglobin percentage and electrocardiogram Lead II were de- 
termined on the normal animals. Two animals were injected with 5 cc. of a 5 
per cent solution of Tween 20 intramuscularly and subcutaneously respectively 
for 20 days. Two animals received the same dosage intravenously. At the 
conclusion of the experiment the foregoing tests were again carried out; the 
animals were sacrificed and skeletal muscle, kidney, skin, liver and sternal mar- 
row were studied histologically. 

The red cell count, red bone marrow, cardiac rhythm, liver and kidneys, were 
not significantly affected by the injections. The sites of the intramuscular and 
subcutaneous injections were found to show definite injury'. There was edema 
under the corium, necrosis of collagen fibers in the fat, capillary engorgement, 
some residual lymphocytic infiltration and a mild fibroblastic response. 

Blood pressure studies (dogs, monkey, cat, rabbit, rat, chicken, guinea pig- 
intravenous). Intravenous injections of from 1 to 5 cc. solutions of Tween 20 
(5 to 50 per cent) produced a short depressor response in the monkey, cat, rat, 
chicken, guinea pig and rabbit, anesthetized with ether or pentobarbital sodium. 
Similar injections in the dog anesthetized "Or unanesthetized produced the same 
transient fall in blood pressure followed by a slow persistent lowering of the ar- 
terial pressure to one-half or even one-fifth its original value. The pressure re- 
mained at such a level for from one to three hours, and slowly returned to normal. 
The degree and duration of this response was greater in the unanesthetized ani- 
mal. Approximately 100 dogs have shown this phenomenon over a five year 
period of study. 

Blood pressure tracings of the dog and rabbit are shown respectively in figures 
1 and 2. 

Blood pressure studies (dog). The dog exhibited a reaction to intravenous 
injections of Tween 20 not elicited in any other species studied. The seventy 
of this reaction varied among dogs. It suggested an allergic response in this 
species; allergic responses are known to occur in dogs (4). Within one minute 
after injection of 0.1 cc./kg. of a 5 per cent solution most dogs exhibited signs 
of weakness, and postural difficulties. Within the next one or two minutes they 
scratched themselves vigorously, and showed generalized ery-thema of the skin 
and mucous membranes. Salivation, nausea and vomiting frequently' occurred 
in the first five minutes. These latter symptoms were very' mild in some dogs. 
All animals recovered in one to two hours. 
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A dog with a femoial blood pressure of 120 mm. Hg» under local anesthesia 
was given 1.0 cc. of 5 per cent solution of Tween 20. The blood pressure fell 
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F:o. 1. Blood Pressure and Respiration of Dog upon Intravenous Injection of 
Tween 20, 5 Per Cent Solution 1 cc./kg. 

Wt. 5.5kg. Ether anesthesia. Original B.P. 140 mm. Hg. Minimum B.P. 3 min. after 
injection— 50 mm. Hg. Time interval 10 sec. 
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Pig. 2. Blood Pressure of Radrit upon Intravenous Injection or Tween 20, 

5 Per Cent Solution 0.5 cc./k g- 

lb. 2 2 kg. Etlier anesthesia. Original B.P. 90 mm. Hg- Full depressor effect 10 
nun. Time interval 10 sec. 

to 22 min., the dog remained alert on the table, and exhibited the usual skin 
flushing and scratching. An hour later this animal was given an additional ICC 
re. of the solution which did not produce any further fall in blood pressure 
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When the experiment was terminated the blood pressure was still below 50 
mm., but the animal was able to walk. The animal developed marked hemo- 
globinuria. Eighteen hours later it was alert and under ether anesthesia the 
mean carotid blood pressure was 160 mm. Five cc. of Tween 20, 5 per cent, had 
no effect on the blood pressure, but acetylcholine, epinephrine and tetraethyl- 
ammonium chloride produced their usual effects. The brain of this animal was 
then studied with a fat stain, owing to the capacity of Tween 20 to solubilize 
fat. It was found to exhibit no abnormality. 

The depressor action of Tween 20 in the dog is not obliterated by atropine, 
nicotine, Etamon, or by decerebration. 

Blood pressure response of analogous substances. The depressor response is 
not produced by sorbitol, sorbitan, ethyl laurate, or the hydrolyzed polyoxye- 
thylene chain. However, solutions of crystalline sorbitan monolaurate in 20 
per cent alcohol (to effect solution) produced a depressor response but of a lesser 
degree than that of Tween 20. Commercial sorbitan monolaurate does not 
produce such response. The mamiitan analogue of Tween 20 has the same effect 
as Tween 20. Tweens 40, GO and 80 produce the same characteristic depressor 
effect in the dog. 

Other effects of Tween 20. As little as 0.02 cc./kg. of 5 per cent Twee'n 20 may 
lower the blood pressure 20 mm. of mercury. Five-tenths cc./kg. always pro- 
duces the marked fall. Injections of Tween 20 solution produce prompt but 
transient cardiac acceleration. Only slight changes in pulse rate are observed 
when the animal is anesthetized. 

Electrocardiographic studies in 2 dogs showed a decrease in amplitude of the 
R spike and T wave in Lead II during the period of hypotension produced by 
Tween 20. 

The respiratory rate with or without anesthesia is not noticeably affected by 
the foregoing Tween 20 injections. 

The blood pressure of the dog responds in the usual manner to epinephrine 
and to acetylcholine, even when the full Tween 20 depressor response is in effect. 

Tiveen allergy in the dog. A very interesting feature of the Tween action is 
the absolute refractoriness of the animal to a second injection during and after 
recovery from a first dose adequate to give the maximum depressor response. 
Dogs will react with skin flushing, scratching and occasional vomiting upon daily 
intravenous injection of 0.1 cc./kg. of a 5 per cent solution of Tween 20. They 
do not develop tolerance. Apparently 0.1 cc./kg. can be metabolized or ex- 
creted in less than 24 hours, allowing the animals’ sensitivity to redevelop par- 
tially toward the end of that period. 

Intradermal testing of 10 dogs with 0.01 cc. of 1:200 dilution of Tween 20 
in 0.9 per cent sodium chloride solution elicited in each case a pink wheal on the 
abdomen at least 1 cm. in diameter in 20 minutes. Saline controls were negative. 
Positive reactions are also seen with a 1:2000 dilution. No reactions are ob- 
tained in rats or guinea pigs by these injections. During the refractory period 
after recovery from a Tween 20 injection no skin response can be elicited in the 
dog, but a mild reaction may be obtained the next day. 
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Seven dogs under ether anesthesia were injected with suitable quantities of 
Benadryl and Pyribenzamine respectively. The response of the dog’s blood 
pressure to an injection of histamine was partially blocked by the previous in- 
jections of either of the two antihistaminics. Similarly, the fall in, blood pres- 
sure elicited by 5 cc. of a 5 per cent solution of Tween 20 was partially obliterated 
and in 2 cases completely nullified by the antihistaminics. 

The demonstration of histamine or a similar substance in the blood of seven 
Tween-injected dogs and its absence in 3 Tween-injected rabbits (a species 
showing no prolonged depressor response) was undertaken. From dogs under 
ether anesthesia a sample of blood was withdrawn. The cells were removed by 
centrifuging. One cubic centimeter of the clear serum was added to the bath 
of a smooth muscle preparation of a guinea pig’s jejunum. Either no response 
was elicited or a small contraction of the smooth muscle was observed. After 
the injection of 5 cc. of a 5 per cent solution of Tween 20 intravenously, when the 
full depressor response was in effect, another sample of blood was drawn. Serum 
from this blood produced always a contraction of the guinea pig’s jejunum, com- 



Fig. 3. Isolated Guinea Pig’s Jejunum 

1. Histamine phosphate, 1 gamma. 2. Serum from etherized normal dog, 1 cc. 3. 
Serum from etherized dog taken 8 min. after injection intravenously of 5 cc. Tween 20 
(0.5 cc./kg.). 4. Pyribenzamine, 1 gamma. 5. Serum from same dog (repetition of f> 3 
above). Volume of bath 30 cc. 

parable to the response from 1 gamma of histamine. The response always oc- 
curred with the Tween serum and was greater always than that of the control 
serum, when the latter had evoked an effect. 

The effect of the Tween 20 serum on the smooth muscle of the guinea pig was 
abolished by 0.1 to 10 gamma of Pyribenzamine. Similarly, Pyribenzamine 
abolished the effect produced by histamine. When responses were elicited by 
control sera they were not obliterated by Pyribenzamine. 

Since semm from a Tween 20-injeeted dog contains a small amount of Tween 
20, calculated not to exceed 30 mg. per cent in our experiment, 1 cc. of this con- 
centration of Tween 20 was added to the smooth muscle preparation and no 
response was elicited. 

Typical tracings of the responses described are shown in figure 3. 

Seram from normal and Tween 20-trented rabbits gave identical effects on 
the jejunum preparation; neither was obliterated by Pyribenzamine. 

One dog under ether anesthesia received an infusion of sodium arsenate by 
vein. Approximately 50 cc. of a 5 per cent solution was administered to a G 
kg- dog. The blood pressure fell from 11G mm. to G4 mm. Hg, presumably 
through capillary poisoning. The response of the dog’s blood pressure to 10 
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gamma of histamine was markedly reduced. Upon the injection of 5 cc. of 5 
per cent Tween 20 solution the characteristic prolonged deep fall in blood pres- 
sure was somewhat mitigated. After the blood pressure had fallen upon the 
injection of Tween 20, histamine produced no further depressor response. How- 
ever, acetylcholine 1 cc. (1:100,000) further reduced the blood pressure, in- 
dicating that the preceding depressor responses were concerned primarily with 
capillary dilatation. 

Upon the assumption that the effect of Tween 20 upon the blood pressure of 
the dog was due to capillary dilatation owing to histamine release the following 
experiment was conducted. A 7 kg. dog under ether anesthesia was injected 
with Tween 20 (5 cc. of a 5 per cent solution). The blood pressure fell to 34 
per cent of the normal value. One liter of 6 per cent acacia in normal salt solu- 
tion was infused into the femoral vein during a 15 minute period. The blood 
pressure was doubled by this increase in blood volume and this new pressure 
was maintained over an observation period of 30 minutes. 

As the dog manifests a hypersusceptibility to Tween 20 solutions, as shown by 
the prolonged depressor response, we studied the effect of repeated intravenous 
injections. One dog received 1 cc. of a 5 per cent Tween 20 solution daily for 
3 weeks. At the end of this period the animal was sacrificed. No significant 
histologic findings were observed in the kidneys, liver or spleen. 

Depressor activity in species other than the dog. The fleeting depressor response 
seen in all animals tested with Tween 20 intravenously begins immediately after 
injection and lasts from 10 to GO seconds. The fall in blood pressure ranges 
from 5 to 30 per cent among various species, and obtains with and without anes- 
thesia. The response varies with the dose, small amounts failing to produce an 
effect in many animals. A brief compensatory rise in blood pressure usually 
follows the fall. 

In high dilutions (1:10,000) in the Trendelenberg experiment, Tween 20 
produces constriction of the leg vessels of the frog. 

Availability in man." Intradermal tests similar to those conducted on the dog, 
guinea pig and rat were carried out on 6 individuals. The intradermal injec- 
tions were begun with 0.5 per cent Tween 20 solution and the concentrations 
increased until 5 per cent solutions were used. No wheal greater than that pro- 
duced by control injections of normal salt solution was produced in man. We 
therefore concluded that the drug allergy exhibited by the dog to Tween 20 did 
not obtain in man. 

An individual with an extensive carcinomatosis was given 0.5 to 2 cc. of a 5 
per cent solution of Tween 20 intravenously. No change in blood pressure was 
observed. Two other individuals with far advanced pulmonary tuberculosis 
were given repeated doses, 2.5, 5 and 7.5 cc. of the Tween 20 solution by vein. 
No changes in blood pressure or pulse occurred and the patients reported no sub- 
jective symptoms. 

Another individual with congestive heart failure and carcinomatosis was given 

1 tVe are indebted to Dr. Lawrence M. Serra and Dr. Lester A. Wall, Jr., for their as- 
sistance in these studies in man. 
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successively 2, 3, 5, 6 and 8 cc. intravenous injections of Tween 20. There were 
no significant changes in blood count and red cell fragility during the course of 
the injections over a period of 4 days. There were no blood pressure changes 
or blood cholesterol alterations. 


SUMMARY 

1. The parenteral administration of Tween 20 to several species of animals 
has been investigated. Injections of five per cent solutions subcutaneously and 
intramuscularly are well tolerated by the monkey. Intravenous injections pro- 
duce transient depressor responses in all species of laboratory animals tested 
(except the dog) when given in small doses. Larger doses produce coma and 
death. 

Tween 20 is hemolytic to red cells in concentrations of 100 mg. per cent within 
90 minutes in vitro. 

2. Tweens 20, 40, 00 and 80 produce in the dog a deep and protracted fall 
in blood pressure. 

3. The depressor response appears to be due to the release of histamine or 
histamine-like substances which act upon the capillary bed. 

4. This allergic depressor response is not elicited in the rat, guinea pig, cat, 
rabbit, Macacus rhesus monkey, chicken or man. 

5. To 4 hospitalized patients 2 to 8 cc. of Tween 20, 5 per cent solution, has 
been given intravenously. There were no discernible deleterious effects. 

We are of the opinion that intravenous therapy with Tween 20 may be ex- 
plored cautiously in man. If subsequent studies do not reveal untoward effects 
not observed in these exploratory injections, many avenues of usefulness may 
manifest themselves for these substances. 
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The myometrium of experimental animals is commonly employed to test 
oxytocic, spasmolytic or other musculotropic agents. In general, the uterus is 
used in one of two ways. Either the uterus is excised and immersed in oxy- 
genated physiological salt solution, or it is used in vivo in unanesthetized or 
anesthetized animals after suitable operative and technical preparation. Which- 
ever method is used, the effect of a drug, or a change in the physiological envi- 
ronment, is judged by simple inspection of the kymographic; tracing of myometrial 
activity. The magnitude of the effect is estimated by noting the qualitative 
changes in tonus and frequency of rhythmic contractions. Wien the results are 
expressed quantitatively, it is usual to employ a series of + or — signs according 
to the judgment of the investigator or the reader. 

Clearly, the most useful method will be one which yields results calculable in 
terms of absolute force or percentage changes from a normal or control period of 
activity. In this paper, such a method is described. 

The key to the method is the use of the Statliam straip gage dynamometer. 2 
This instrument produces linear deflections of the recording element with equal 
increments of pressure which cause electrical resistance changes in the active 
elements of the strain gage. These changes are measurable as grams of force 
(1). Moreover, analysis of the records thus obtained permits distinction between 
the work done as a result of tone, and work done as a result of rhythmic contrac- 
tions. Results may be expressed as relative percentage changes or they may be 
expressed in absolute terms as dynes per minute per gram of myometrium. 

Methods and procedures. Animal preparation. The preparation of the rabbits is car- 
ried out in the following way. Prolonged light anesthesia is induced by intravenous injec- 
tion of 0.4 cubic centimeters of Dial-Urethane per kilogram of body weight. This is supple- 
mented by ether during operative procedures. 

The uterus is exposed by a midline abdominal incision. The intestines and cecum are 
packed out of the way with gauze and a loop of uterus exposed. In some experiments, two 
loops of uterus are employed simultaneously. In others, records are made simultaneously 
from a segment of non-distended uterus in a pregnant rabbit having one uterus rendered 
sterile by prior ligation of the Fallopian tube, and from within the amniotic sac of a con- 
ceptus site in the other uterus. Blunted IS gauge needles are used. The needle is con- 
nected to a Statham dynamometer in the manner described below. The needle is inserted 
into the caudal end of the loop of uterus isolated as follows. Silk ligatures are passed 


1 Present address: Sinai Hospital, Baltimore 5, Maryland. 

2 Statham Laboratories, 8222 Beverly Bh d., Los Angeles 36, Calif. 
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through the broad ligament at tw o points about one and-a half centimeters apart. The 
caudal ligature is secured around the three nay stopcock as shown m figure 2 Another 
ligature is then passed around the uterus and needle at the caudal end This is shown in 
figures 1 and 2 which demonstrate the unit as a whole and a close up of the insertion of one 
needle attached to a strain gage into a loop of non distended uterus and another into the 
ammotic sac of a conceptus site It will be observed that the needle is placed so that it 
lies along the long axis of the uterine cornu in order to maintain free communication be 
tween the fluid in the uterine cavity and the .fluid m the strain gage Interference with 
the blood and nerve supply to the uterus is held to a minimum In the case of a conceptus 



Fig 1 Picture of Thule Strain Gage Dynamometers Employ ld in Recording 
Uterine Acti\it\ and REsrmvnov 

Two gages at left arc connected to the uterus, one to a distended conceptus site (am 
ntotir sac) and the other to a non distended portion of the contralateral uterus The gage 
at the right is connected to an intrapleural trocar and to a water manometer, so that the 
condition of the rabbit maj be noted at all times Gages are held hrml> in just the right 
position In ball and socket clamps The black boxes at the rear right arc the power supph 
and control units for two of the strain gages 

site, no ligatures arc used During an experiment, the incision is closed with clamps in order 
to protect the \iscera from the air 

Strain gage dynamometer The Statham strain gage is made readj for use m the following 
w n\ The \ ah e head is connected to a pressure bottle containing saline and, bj a side arm, 
to a hot tic containing dr\ ice F or half an hour, carbon dioxide is parsed through all tubing 
m the sjhtem and through the \al\ e head in order to displace air Immediately upon stop 
ping the flow of gas, saline is pumped through the \ahc until no bubbles pass out with the 
fist flowing saline at the end of the needle This is attached by the three way adapter 
shown in figure 2 to a short length of stainless steel flexible metal hose on the strain gige 
Hosidii il c irbon dioxide is absorbed In the sibnc Thus a s\stem free of tripped gis is 
obtained 

The gage is mounted on rods hold in position in locked ball and socket joints close to the 
lc\ol of tlu loop of uterus into which the needle is to he inserted (see figure 1) By opening 
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the side-arm of the three-way stopcock from the gage to the atmosphere after the needle, 
gage, and uterus are in place, the system comes to atmospheric pressure. A record of this 
true zero level is obtained on the photographic tracing. Upon turning the cock so the 
uterus connects directly with the gage, the s}*stem comes into pressure equilibrium with the 
uterus. There is virtually no exchange of fluid betw een the gage and the uterus because the 
maximum movement of the bellows of the gage is db0.0015 inch, and the diameter of the 
bellows is about 0.25 inch. 

The characteristics of the Statham strain gage lend themselves admirably to this type of 
work. The input current is derived from a six volt source, controlled to give between thirty 
to fifty’ milliamperes of current The current goes directly to the input leads of the gage. 
The current output, which may be as much as 37 millivolts, is proportional to the unbalance 



Fig. 2 Close-uf of the Insertion of the Needles Connecting the Strain Gages to 
the Ammotic Sac of a Gravid Portion of the Utercs and to the Cornual End 
of the Non-Pregnant Uierine Horn 

See text for details concerning the method by which the system is rendered air-free and 
the intrauterine pressures and other observations are obtained During an experiment 
the incision is closed. 

of the Wheatstone bridge elements of the gage as these are subjected to alteration in tension 
by pressure or suction on the bellows of the gage The output current goes directly to the 
oscillographic recording element We employ a six channel Hathaway magnetic oscillo- 
graph. The elements of this can be varied according to the need for different frequencies 
and sensitivities m various types of physiological recording For uterine work, we usually 
employ elements w hich have a natural frequency of twenty-five c 3 r eles per second, and have 
a sensitivity of 5600-9600 millimeters per milliampere at one meter distance. 

The strain gage dvnamomcler ma 3 r be calibrated in either of two wa 3 r s. It may be con- 
nected b 3 r a side-arm to a water manometer and deflections recorded as know n pressures are 
applied or it may be calibrated electrically 1 > 3 * shunting one input and one output lead of the 
gage with a suitable electrical resistance When this is property adjusted, a deflection equal 
to fifty r per cent of the maximum gage output may be obtained. It should be noted, how- 
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ever, that by controlling the input voltage and amperage in every experiment, a straight 
line calibration is obtained which holds true indefinitely. 

For recording uterine activity, a gage with a range of ±1 pound per square inch is used. 
This, with the current input employed and with the oscillographic recording elements we 
have used in recordings of uterine activity, yields a deflection on the photographic paper in 
which 1 centimeter is equal to 55 millimeters of water pressure in the most sensitive arrange- 
ment. In the least sensitive arrangement it is equal to 160 millimeters of water. The 
arrangement employed depends upon the magnitude of physiological activity to be re- 
corded. 
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Fig. 3. Effect of Pitocin on the Uterus of a Non-Pregnant Rabbit 
Sec text for details of the analysis of this record for work per minute (dvnes per gjam of 
myometrium per minute) in terms of tone, rhythmic contractility and total work. Time, 30 
second intervals. Top line, respiratory movements. 



Fig. 4. Effect of Pyribexzamine (0.25 mom. per kgm. of Body Weight 
Sec text for analysis of this record for the percentage increase of tone, rhythmic activity, 
and total work following the injection made at the time indicated by the time signal. Top, 
maternal respiratory movements. Time, 30-second intervals. 



Fig. 5. Simultaneous Recordings of the Effect of Pyrjbenzamine (0.5 mgm. per 
kgm. of Bony Weight) at a Distended Conceptus-Site (Intra-Amniotic Sac) 

AND A NON-DlSTENDED PORTION OF THE SAME UTERUS * 

The upper, more active record is made from the non-distended portion. The lower record 
is that of the coneeptus site. See text for analysis (Table 3) showing percentage changes 
similar for both records, despite appearances. The topmost lead records maternal respira- 
tion but it cannot be read in this half-tone reproduction. 

Respiration is recorded by means of an intrapleural trocar connected to another Statham 
gage dynamometer. In some experiments, intracarotid pressures have also been recorded. 

Procedures. After preparation of the animal and apparatus, a record of the 
normal activity for the conditions of recording is obtained. Customarily this is 
for one-half hour. A needle having a stylus in it is inserted into a marginal ear 
vein and clamped in place (see figure 11. The stylus is removed and a syringe 
attached to the needle at the time of injection. The duration of the injection is 
recorded l>y a signal (see figures 3, 4, and 5). Time intervals are marked by a 
line across the paper at thirty second intervals. The time line serves also as the 
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base-line for the uterine tracings. The paper speed is about 2.15 centimeters 
per minute. 

Injections are not repeated for one-half hour or until a long record of uterine 
activity comparable to that in the control period is obtained. At the termination 
of the experiment, the loop of uterus is dissected free from the mesometrium and 
other tissues and weighed. Planimeter measurements of enlarged drawings of 
cross sections of uteri show that the myometrium of the non-gravid uterus or of 
the undistended portion of the gravid uterus comprises approximately 65% of the 
tissue. The number of grams of ny'ometrium contributing to the record of ac- 
tivity is estimated, accordingly, as this fraction of the wet weight of tissues in 
any loop of uterus used. 

Calculations. Analysis of records of the sort shown in figures 3, 4, and 5 is 
made for two purposes. In one, the relative change in uterine activity over a 
control, or pre-injection period is determined for given periods of time following 
the injection. In the other, the data are analyzed for the force developed per 
gram of myometrium. The former is expressed as a percentage change. The 
latter is calculated in terms of dynes per gram of muscle per minute. In both 
calculations, the records are analyzed for work-done-as-tone and work-done-as- 
active-contractions over and above tone. Both types of calculation depend 
upon the same initial reading of the record. Consequently, the manner of doing 
this will be described first. 

(1) Reading the records. The method of marking the records is shown in 
figures 3, 4, and 5. A line is drawn connecting the bases of the major rhythmic 
contractions. The record is then blocked off in periods before and after injection, 
beginning with the nearest half-minute line before or after the signal for the 
injection. Convenient time periods for purposes of analyzing the effect of anti- 
histaminic drugs are as follows; for the control, a five-minute period; for the 
duration of the drug effect, three-minute periods. These are marked by the 
symbols at the top of each record in figures 3, 4, and 5. 

The zero correction for the element recording uterine activity is determined 
by noting the distance between the true zero (obtained as described above, bj r 
the* recording of atmospheric pressure) and the injection-signal, which appears 
as a straight base-line throughout the record. 

The observed area, defined as that area bounded by the base-line at the bottom, 
the time signals at the beginning and the end of a period and the curve of uterine 
activity, is measured by means of a planimeter. Correction for zero to arrive at 
a true area is then made. This area is proportional to the total work done during 
that particular period. The area between the line connecting the bases of the 
contractions and the base-line less the correction for zero within any period is 
proportional to the work involved in maintaining muscle tone, and the difference 
between these two areas represents work due to activity resulting from uterine 
contractions superimposed on tone. 

(2) Relative changes in uterine responsiveness are measured by dividing the true 
areas by the number of minutes in each experimental period and expressing this 
as a percentage increase or decrease from the control period. This may be done 
for tone, activity over tone, or for total activity. 
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(3) Rate of work may be calculated in the following three steps: 

(a) The true area in square centimeters (Ai) is equal to the observed area 

less the zero correction in centimeters (0 e „) times the length in 
centimeters of the baseline (L m ). This relationship may be expressed 
as, 

( At — .AflSi (0 cm X Lem) 

(b) The total force, in dynes (Fa), exerted throughout a given period is 
equal to the true area times the force of the deflection in terms of cubic 
centimeters of water pressure ( P cc ) per centimeter of deflection on the 
paper for the gage and element used (Cm D ) and times the number of 
seconds elapsed per centimeter of photographic paper traveled (S/cm). 
This relationship may be expressed as, 

(c) The rate of work in dynes per gram of myometrium per minute 
(Fi/gm/min.) is equal to the total dynes (Fa) divided by the duration 
of the period in minutes (l) and by the product of the weight of the 
loop of uterus in grams (TF U ) and the factor 0.65 (the proportion of 
myometrium in the uterus). This may be expressed as, 

(li) 

Rate of Work = Fa/ gm./min. = 

Results. The results to be described in this paper will be presented in three 
parts. First, an analysis will be given of the rate of work of the uterus following 
administration of 1.5 minims of Pitocin intravenously. Second, an example will 
be presented which deals with the relative, or percentage changes following 
injection of the anti-histaminic drug, tripolamine (Pyribenzamine). Third, a 
brief summary' of the general effects of Pyribenzamine and diphenhydramine 
(Benadryl) upon the uterus of the rabbit will be given. 

Rate of work of the uterus following pitocin. An analysis of the 
record shown in figure 3 is given below. In this experiment, a non-pregnant 
rabbit weighing 3.6 kilograms was prepared as outlined above. The ovaries 
contained a number of medium-sized follicles and numerous old corpora lutea. 
The uterus was pink and actively motile. The cornual end of the right uterus 
was used. 

With the gage and recording element used, a deflection on the paper of 1 centi- 
meter was equal to 16.0 centimeters of water pressure, or 16.0 cubic centimeters 
of water pressure per square centimeter of surface (P«). At the point indicated 
by the signal, Pitocin was injected. The analysis covers a control period immedi- 
ately preceding, and three three-minute periods following the injection. This is 
summarized in table 1. 

We see in table 1 (d) that by far the greatest effect of Pitocin in this experi- 
ment was in the effect on tone. The effect on rhythmic contractions was limited 
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TABLE 1 

Rale of work of the work of the uterus following Pilocin 


a. Areas (A 0 b») uncorrected, written on the record immediately after planimetric 

determination 


' 

ixxcrn or 
TO£E LUTZ 
(Lon) 

TOTAL AREA | 

(of) 

AUATOX 

TO NT (CM*) | 

AREArOR 
ACTIVITY (CM*) 

Control 5 min. . . 

10.80 

12.00 

8.10 

3.90 

Period 1-3 min. 

6.40 

11.00 

8.10 

2.90 

Period 2-3 min. 

6.55 

7.30 

5.30 

2.00 

Period 3-3 min. 

6.45 

7.30 

5.50 

1.80 


The correction for true zero in this record is —0.13 centimeter (0™). 


b True areas (At) in square centimeters per minute, including the zero correction 



TOTAL (A f/H IN ) 

TO NT (A f/ MIN ) | 

ACTIVITY (A |/MIN ) 

Control 

10.59 

6.69 

3.90 

Period 1 

10 16 

7.26 

2.90 

Period 2 

6.44 

4.44 

2.00 

Period 3 

6 46 

4.66 

1 80 


c. Energy output in dynes for each period 

(1) Deflection of 1 centimeter ( Cm n ) equals 16 centimeters of water pressure, or 16 cubic 

centimeter of water pressure (P«). 

(2) One square centimeter on the paper moving 28 seconds/cm (.S/cm) is equal to 448 

dynes (F d ). 

(3) Dynes output for each period of the experiment 



TOTAL WORK (Pd) 1 

TONE WORK (Pd) 

ACTIVITY WORK (Fd) 

Control 

4750 

3000 

1750 

Period 1 

4550 

3250 

1300 

Penod 2 

2880 

1990 

896 

Period 3 

2897 

2090 

807 


d. The weight of the loop of uterus used was 0.75 gms. (!F„). Since 65% of this is myo- 
metrium (see text), the weight of myoinet ri misperforming the work is 0.5 gms. The 
work output per gram per minute (Fj/ gm/min) is as follows 



! 

RATE Or TOTAL WORK 

(Pd/gm/mm) 

RATE 0? TONE WORK 

(Fd/gm/min) 

RATE Or ACTIVITY WORK 

(Fd/gm/ min) 

Control 

1900 

1200 

700 

Period 1 

3032 

2166 

866 

Period 2 

1923 

1326 

597 

Period 3 

1930 

1392 

538 


to the first three minutes, after which the activity was substantially less than 
during the control period. This conclusion would be difficult to make from 
inspection of the record alone. 
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Relative effects of an anti-histajhntc drug on the uterus. An example 
of the effect of Pyribenzamine on the uterus is shown in figure 4 . The rabbit 
employed in this experiment weighed 3.6 kilogram. The ovaries contained 
medium and large sized follicles, but no corpora lutea. The zero correction was 
0.2 centimeters. At the signal, 0.25 milligrams per kilogram of Pyribenzamine 
was injected. 


TABLE 2 


Effect of Pyribenzamine 
1) Observed areas 




TONE fat*) 

ACTIVITY (CM*) 

TOTAL fat*) 

Control 

10.9 

104 

47 

147 

Period 1 

6.55 

81 

39 

120 

Period 2 

6.45 

70 

38 

108 

Period 3 

6.45 

63 

26 

89 


0 m = 0.20. 


2) True area per minute (At/min) 



TONE (CM*) 

ACTIVITY (CM*) 

TOTAL (CM*) 

Control 

20.36 

9.50 

29.86 

Period 1 

26.56 


39.56 

Period 2 

22.90 

12.66 

35.56 

Period 3 

20 57 

8.66 

29.23 


3) Percentage change after Pyribenzamine 



TONE 

ACTIVITY 

TOTAL 

Control . . . 

% 

100 

Vo 

100 

% 

100 

Period 1 

130.4 

136.8 

132.5 

Period 2 

112.5 

133.2 

119.1 

Period 3 

101.0 

91.1 

97.9 


As in the case of the previous example, the observed areas are marked in their 
respective periods. In table 2, the steps taken to convert these to true areas, 
corrected for the zero error, as above, are shown, along with the percentage 
changes in square centimeters per minute due to tone, square centimeters per 
minute due to activity, and the total areas. These areas are proportional to the 
work per minute, since each square centimeter of recorded activity equaled 448 
dynes in this experiment. 

Inspection of the record in figure 4 suggests that Pyribenzamine brought about 
a transient period of slightly lessened activit y after the initial large effect immedi- 
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ately following the injection. The analysis of this record summarized in table 
2 shows quite a contrary effect, however, with icspect to tone, and the decrease 
in total activity in the third period probably was not significant (only 2% less 
than during the control). 

Observations on the effects of pyribenzamine and benadryl. In this 
work, many rabbits have been employed from time to time in testing the effects 
of prostigmine, acetylcholine, histamine, posterior pituitary substances, cholin- 
esterase, di-isopropylfluorophosphate and anti-histaminic drugs. The final 
method, with data sufficient for analysis was applied mostly with respect to 
anti-histaminic drugs, however. In all, twenty-two rabbits were used, with one 
to six injections made in each experiment. Qualitatively, oxytocic responses 
were obtained in every instance, such as is seen in the second example above. 

Certain features of the responses are worth noting, however, since observations 
on the uterine action of anti-histaminic drugs are few and scattered (2, 3). The 



on the Myometrium 


effects will be considered with respect to the action of different doses; the effect 
of distention of the uterus by the products of conception; and the effect of hor- 
monal status of the animal on the response to Pyribenzamine and Benadryl. 

Effect of dose on uterine response. The effects of Pyribenzamine and of Bena- 
dryl are shown in figures 6 and 7. All the results at different dose levels are 
combined for the two drugs. 

In the case of each drug, an oxytocic effect was obtained at all dose levels 
during the first three-minute period after injection. What occurs in the next 
three to six minutes depends, apparently, upon the drug and the dose. Oxy- 
tocic effects were obtained at this time with Pyribenzamine except at the level 
of 0.5 milligrams per kilogram of body weight. With this dose, activity returned 
to about normal levels by the second period. With Benadryl, definitely Jess 
than normal activity resulted at the same dose level, and at 0.25 milligrams per 
kilogram of body weight, definitely less than normal activity was observed in the 
third peiiod. At the lower dose levels, therefore, Benadryl appears to be a more 
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effective sedative of uterine activity than Pyribenzamine after an initial oxytocic 
effect. 

The larger dose (1-2 milligrams per kilogram of body weight) has a greater 
oxytocic effect during all three periods following injection. Benadryl is more 
highly oxytocic than Pyribenzamine in higher doses. 

Effects on tone and rhythmic activity. The effects of Pyribenzamine and Bena- 
dryl on tone and rhythmic contractility of the myometrium are shown in figure 



Fig. 7. Summary of the Action of Different Doses of Benadryl 
on the Myometrium 
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lio. 8. Effect of Pyribenzamine (Left) and Benadryl (Right) on the Proportion 
of the Total Activity Attridutabi.e to Tone and to Rhythmic Activity, 
for Three Three-Minute Periods Following the Injection 

S. Here, it will be noted, there is no appreciable change in the proportion of 
activity due to tone and rhythmic activity respectively in any three-minute 
period following injection, with the exception of the larger doses of Benadryl. 
The oxytocic effect in this instance is attributable to a disproportionate increase 
m rhythmic contractility, although there was also an increase in the absolute 
tone following the injection. 

Effects of the products of conception. As mentioned above, and as shown in 
figures 2 and 5, some experiments have been carried out with simultaneous 
recordings from within the nmniotic sac in the uterus of pregnant rabbits and 
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from non-distended portions of the gravid uterus. In figure 5, a rabbit weighing 
3.25 kilograms received 0.5 milligrams of Pyribenzamine per kiiogram of body 
weight on the I8th day. If one looks at the curves of each of these tracings, it 
appears that that portion of the uterus which is distended by the products of 
conception is not much affected by Pyribenzamine, whereas the non-distended 
part of the gravid uterus is highly reactive. Analysis of these two curves leads 
one to a different conclusion, however. 

TABLE 3 


Percentage changes m tone and rhythmic activity of the gravid uterus following Pyribenzamine 
in (a) non-distended part of the uterus and (i) in the distended part ( amniolic sac) 



TONE 

1 

MYTH MIC ACTIVITY j 

TOTAL 

Non- 

distended 

Distended 

1 

Non- 

distended . 

Distended 

Non- 1 
distended 

Distended 


To 

1 % 

% 

mm 

% 

% 

Control. . 

100 

1 100 

1 

100 

E9 

100 


Period 1 

118.1 

157.5 

171 9 

135 7 

131.0 


Period 2. 

10S.6 

104.9 

129.0 i 

117 6 



Period 3 

108.9 


129 0 

117.6 

■ LtMH 

134.3 

Period 4 

98.9 

la 

185.1 

92.6 


1 116.1 


TABLE 4 


Effect of hormonal status on activity of the uterus following injection of Pyribenzamine 
Results expressed bb percentage increase in activity of that in the control period 



TONE 

XHYTHJCIC ACTIVITY 

TOTAL ACTIVITY 

Doses 

Non-preg. 

Frcg. 

Non-preg. 

Preg. 

Non-preg. 

Preg. 

mim./k. 

0 25 

— 

112 

133 

Ill 

132 

127 

i 


118 

153 

162 

123 

130 

WtSm 


122 

204 

380* 

140 

188 


194 

136 

174 

186 

192 

153 







— — 


* Attributable largely to one very high percentage increase (620%). 


The percentage changes in activity of the two curves after injection are sum- 
marized in table 3. Here, it will be seen that a greater percentage increase in 
total work was observed at the site of distention by the products of conception 
than in the non-distended region. The two components, tone and activity 
are affected differently. It should be noted, however, that the initial pressure 
in the amniotic sac was about 3.4 centimeters of water, and about 6.9 centi- 
meters of water in the non-gravid portion of the uterus. 

Effects of hormonal status on uterine response. Our data are too few to offer 
more than suggestive evidence concerning the effect of the hormonal status of 
the rabbit upon the uterine response to anti-histaminie drugs. Not enough 
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pregnant and non-pregnant rabbits were used at all dose levels to make possible 
a statistical solution of this problem. Even so, the data seem conclusive on 
several points. All pregnant rabbits used were between the twelfth and eight- 
eenth days of pregnancy. Consequently data were obtained during the period 
of a high level of function of the corpora lutea of pregnancy. Since there is less 
variation in the first three-minute period following injection of Pyribenzamine 
than later, comparison will be made only for this period in non-pregnant and 
pregnant rabbits, respectively. 

Table 4 contains a summary of the effect of Pyribenzamine during the first 
three-minute interval following the injection. It is clear from this that, so far 
as these data go, there is no clear effect of hormonal status of the recipient at the 
time of the injection either on the magnitude or the quality of the result obtained. 
At each dose level considered, the percentage of increased activity is of the same 
order. This is generally true when the effects on tone and activity are considered 
as well as total activity particularly with respect to the two lower doses employed 
in this study. Thus it appears that the effect of Pyribenzamine upon the myo- 
metrium of the rabbit is not influenced by hormonal status at the time of injec- 
tion. 


SUMMARY 

1. The method of using a strain gage dynamometer for quantitative study of 
pharmacological responses of the myometrium is described. 

2. The method permits determination of the effect on tone and rhythmic 
contractility. 

3. Results are obtained either as, (a) the percentage increase in activity (tone, 
contractility, total work), or (b) as dynes per gram of myometrium per minute 
(for tone, contractility, and total work). 

4. Quantitative effects of Pitocin, Pyribenzamine, and Benadryl are cited. 

5. The effect of the anti-histaminic drugs administered intravenously is oxy- 
tocic, the effect being greater with increased doses. With low doses, a period of 
diminished activity may follow the initial oxytocic response. 

G. Tone and rhythmic contractility are equally affected by the anti-histaminic 
drugs. 

7 ■ The uterus distended by the products of conception is affected in a manner 
similar to the non-distended portion of the uterus of the same animal. 

8- The hormonal status (pregnancy, non-pregnancy) of the rabbit does not 
affect the responsiveness of the uterus to Pyribenzamine. 
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from non-distended portions of the gravid uterus. In figure 5, a rabbit weighing 
3.25 kilograms received 0.5 milligrams of Pyribenzamine per kilogram of body 
weight on the 18th day. If one looks at the curves of each of these tracings, it 
appears that that portion of the uterus which is distended by the products of 
conception is not much affected by Pyribenzamine, whereas the non-distended 
part of the gravid uterus is highly reactive. Analysis of these two curves leads 
one to a different conclusion, however. 

TABLE 3 


Percentage changes in tone and rhythmic activity of the gravid uterus following Pyribenzamine 
in (a) non-distended part of the uterus and ( 6 ) in the distended part ( amniotic sac) 



TONE 

EHYTHMIC ACTIVITY 

TOTAL 


# Non- 
distended 

Distended 

Non- 

distended 

Distended 

Non- 

distended 

Distended 


JO 

% 

% 

% 

% 

% 

Control 

100 

100 

100 

100 

100 

... 

100 

Period 1 ... 

S9 

157. S 

171.9 

135.7 

■ ' 

eh 

Period 2. ... . . .. 

nil 

104.9 

129.0 

117.6 

B KB 

119 

Period 3.. 


142.6 

129.0 

117.6 



Period 4 

EH 

127.6 

185. 1 

92.6 

3 



TABLE 4 


Effect of hormonal status on activity of the uterus following injection of Pyribenzamine 
Results expressed as percentage increase in activity of that in the control period 



TONE 

KHYTHiaC ACTIVITY 

TOTAL ACTIVITY 

Doses 

Non-preg. 

Pres. 

Non-preg. 

Pres- 

Non-preg. 

Preg. 

mfm./k. 







0.25 

HR 

112 

133 

Ill 

132 

127 

0.50 


118 

153 

162 

123 

130 

1-2 


122 

204 



188 

4-5 

194 

136 

174 

186 

192 

153 


* Attributable largely to one very high percentage increase (620%). 


The percentage changes in activity of the two curves after injection are sum- 
marized in table 3. Here, it will be seen that a greater percentage increase in 
total work was observed at the site of distention by the products of conception 
than in the non-distended region. The two components, tone and activity 
are affected differently. It should be noted, however, that the initial pressure 
in the amniotic sac was about 3.4 centimeters of water, and about 6.9 centi- 
meters of water in the non-gravid portion of the uterus. 

Effects of hormonal status on uterine response. Our data are too few to offer 
more than suggestive evidence concerning the effect of the hormonal status of 
the rabbit upon the uterine response to anti-histaminic drugs. Not enough 
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one gave the most sedation in the subjects. Several of them slept between visits 
to the fluoroscope. Whether they slept or not also showed no correlation with 
the effects on motility. 

Sodium pentobarbital in the dosage used produced significantly increased 
motility in six of the ten subjects, and the averages for the series as a whole 
showed a decrease in emptying time. 

Discussion. Gruber and Gruber (3) reported that large doses of barbiturates 
caused depression of gastric motility in fistula dogs. On the other hand, Dreyer 
et al. (4) found increased motility of the stomach and small intestine of the cat 
with small doses of barbiturates. They reported a rough parallelism between 
hypnotic activity and stimulating effect. A more extensive discussion of the 
literature is given in Van Liere and Xorthup (1). 

The results obtained here indicate that the increased motility found with 
small doses does not extend to drugs used in this investigation other than the 
barbiturates, since in the dosages used paraldehyde had the greatest sedative 
and hypnotic effect, while pentobarbital had the greatest stimulating effect on 


TABLE I 


i 

Control 

Experiment^] 

Chloral Hydrate, .33-.60 gm 

12 ! 2.20 

1.97 

Pentobarbital, 100 ingm. . . 

10 1 2.22 

1.S5* 

Bromural, .6 gm 

7 . 2.29 

2.02 

Paraldehyde, 6 cc. 

14 2.02 

2.02 


* Significant at the 5 % level (Fisher's “t’’ test). 


the motility of the stomach. This fact, in conjunction with the previous findings 
on sodium amytal, indicates that the effect is due to something other than seda- 
tion, and since significant changes in any particular series were found only with 
the barbiturates, it appears to be some action which is present to a greater degree 
in them than in the other compounds investigated. The mechanism of this 
action is not apparent from the data available., 

SUMMARY 

The effect of therapeutic doses of chloral hydrate, bromural, pentobarbital 
sodium, and paraldehyde on the motility of the human stomach was studied. 
Consistently increased motility was found only with pentobarbital sodium, 
indicating that sedation is not the principal factor responsible for the decreased 
emptying time seen with certain central nervous system depressants (barbi- 
turates). 
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In a paper previously published from this laboratory (1) it was shown that 
sodium amytal produced a decrease in the emptying time of the human stomach, 
as determined fluoroscopically with a farina test meal to which barium sulfate 
was added. The present study is an extension of this work to include other 
agents, including a similar barbiturate (pentobarbital sodium) and representa- 
tives of other chemical classes with similar actions, in an attempt to determine 
whether the effect is a general one, or is specific to one class of drugs. The other 
drugs used were chloral hydrate, bromural (2-monobromisovalerylurea), and 
paraldehyde. In each case therapeutic doses were employed; the subjects were 
medical students. 

The results obtained with chloral hydrate have been previously published in 
a preliminary report (2). 

Methods. The test meal used in other studies from this laboratory was used. Thi s 
consisted of 15 grams of Quaker Farina, boiled in water with one gram of salt, to a volume of 
2C0 cc.; 100 grams of barium sulfate were added to make the mixture visible in the fluoro- 
scope. Determinations of emptying times, either control or experimental, were made not 
oftener than once a week. When drugs were administered, they were given orally imme- 
diately before the meal was eaten. Gastric emptying time wns determined to the nearest 
fifteen minutes. At least three control and three experimental determinations were done 
on each subject. 

Results. The results are summarized in Table I. Chloral hydrate was 
given in two different dosages, .33 gm. and .60 gm. Neither dosage gave a sig- 
nificant change in emptying time. Shown in the table are the averages for the 
combined series, which also showed no significant change. It is interesting, 
however, that when the figures for each subject are submitted to statistical 
analysis by Fisher’s “t” test, three of the twelve subjects showed decreases in 
emptying time (increased motility) which were significant at the 5 % level or 
better. 

The bromural series as a whole did not show any significant change, but here 
again one subject had a significantly shortened emptying time — from an average 
of 2.45 hours in the control to 1.S0 hours after 0.6 gm. of bromural. None of the 
other .subjects showed such a marked effect, and one was slightly, but not sig- 
nificantly, delayed after administration of the drug. 

The averages for the paraldehyde series as a whole showed absolutely no 
change, but the emptying times for five of the subjects showed significant altera- 
tions; three were speeded up and two were slowed. Some of the subjects were 
nauseated briefly' by the drug, but this showed no correlation with the changes 
in emptying time. It is interesting to note also that of all the drugs used, this 
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The low relative, as well as the absolute, toxicity of W-50 and its high thera- 
peutic index led us to recommend this preparation for clinical trial. The results 
of clinical investigation are in agreement with our pharmacological findings: 
the compound is reported by Combes (8) to possess the advantage of a high 
tolerance in man. 

The present publication contains the pharmacological and toxicological studies 
conducted on this antihistaminic. 


EXPERIMENTAL PART 

(I) Antihistaminic activity 
(1) Activity cm isolated organs. 

(a) The contraction of the isolated guinea pig intestine induced by 1-2 y/cc 
histamine was inhibited by dilutions of Diatrin varying from 1:1,000,000 to 
1:10,000,000 (final concentration in the tissue bath, at 37 C C). The same anti- 
histaminic content was required for the 4 compounds used for comparison. 

(b) The isolated uterus of guinea pig required 1 y, 'cc histamine for contrac- 
tion. This histamine effect was inhi bited by Diatrin, 1:1.000,000. 

(c) The isolated lung of the guinea pig was prepared for perfusion as described 
by Tainter et al (9). The addition of 20 to 50 y of histamine reduced to half 
the volume of the perfusion fluid passing through the lung. This effect of 
histamine, determined by bronchial contraction, was prevented by the addition 
of Diatrin in 0.5-1.0 mg doses. 

(2) Prolection against intravenously injected histamine. 

The antihistaminic agent was administered subcutaneously to guinea pigs 
weighing 150-250 grams. After this protective treatment, various multiples 
of the lethal histamine dose — 0.5 mg/kg histamine dihydrochloride — were in- 
jected into the saphenous vein. The minimal dose of Diatrin which protected 
guinea pigs against 2-5 lethal doses of histamine was 0.25-0.50 mg/kg (Table 1). 

Guinea pigs injected with 100 to 200 times the lethal dose of his tam ine re- 
quired correspondingly higher doses of Diatrin for protection. Ten out of 12 
animals injected subcutaneously with 25-40 mg, kg of Diatrin survived the 
injection of 100 lethal doses of histamine given intravenously. The protection 
was effectne only against acute histamine shock; the gastric ulceration which 
followed within 5-tS hours could not be prevented. This finding is in agree- 
ment with our own experience with other antihistaminics. and with the reports 
of Friesen et al (101, Winter (11), and Halpern (12a). 



THE TOXICOLOGIC AND ANTIHISTAMINIC PROPERTIES OF N,N'- 
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Definite limitations in the clinical use of the synthetic antihistaminics re- 
cently introduced in therapy result from the high incidence of side effects en- 
countered and from the potential danger of untoward reactions (1-3). The 
pharmacological mechanism of these untoward reactions (excitement, depres- 
sion, etc.) appears to be related mainly to the action of these drugs on the central 
nervous system. In animal experiments, the toxic manifestations consist of 
spasticity, excitement, convulsions, depression, drowsiness, salivation and vomit- 
ing. These symptoms appear in different sequence and degree according to the 
animal species, the particular compound (Benadryl, Pyribenzainine, Neo- 
antergan, etc.), and the dosage used. 

Undoubtedly there is a relationship between the toxic doses and manifesta- 
tions in animal experiments and the severity and incidence of clinical side ef- 
fects; it may be assumed that a drug with lower toxicity and less marked action 
on the central nervous system in experimental animals will be better tolerated 
clinically also. Among a series of thenyl derivatives of ethylenediamine syn- 
thesized in this Institute by Leonard and Solmssen (4), one preparation attracted 
our attention as promising from this standpoint. This compound, N,N'- 
dimethyl-N'-phenyl N'-(2 thienylmethyl) ethylenediamine hydrochloride (Dia- 
trin hydrochloride), is an analogue of Antergan and of W-53, another thenyl 
derivative which alread 3 r has been reported to possess definite antihistaminic 
properties (5-7). 
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the surrounding skin. In animals treated with Diatrin, this phenomenon was 
qualitatively changed or abolished. In rabbits treated parenterally with 2 
mg/kg, the phenomenon of the “blue ring” was suppressed; instead, the colora- 
tion appeared within 1—1 minutes in the interior of the injected zone. In- 


TABLE 2 

Protective activity oj Diatrin against lethal histamine asthma 


DOSE INJECTED 

NUMBER Of ANIMALS 

NUMBER DIED 

% SURVIVORS 

Intramuscular Injection 

mt/kt 




— 

27 

22 

18.5 

0.025 

1 

0 


0.05 

5 

2 

GO 

0.10 

20 

9 

55 

0.20 

3 

0 

100 

0.3-0. 5 

3 

0 

100 

Subcutaneous Injection 



25 

22 

12 

0.05 

12 

5 

58 

0.10 

14 

7 

50 

0.20 

10 

3 

70 

0. 5-1.0 

3 

0 

100 


TABLE 3 


Effect of Diatrin on histamine hypotension 


DIATRIN X.V. 

HISTAMINE IN y 



After treatment 

5 min. 

i hr. 

}hr. 

1 hr. 

2 hrs. 

/*c 








1 (dog) 

1 

14 

0 



* 

12 


2 

18 

8 



8 

16 


4 

27 

11 





8 (cat) 

0.5 

36 


0 

0 


0 


Acetylcholine 








0.5y 

44 


45 

45 


45 


* Not measurable. 


creasing the dose of Diatrin to 5-8 mg/kg, the uptake of the dye by the histamine 
zone became negligible, and/or greatly delayed. These observations, indicating 
that antihistaminics might possibly affect the histamine action on the skin by 
different mechanisms, deserve further study. An interference with wheal forma- 
tion by Benadryl and Neo-antergan has been described by Last and Loew (15). 
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(3) Protection against lethal histamine asthma. 

The method described by Halpem (12b) and by Loew, Kaiser and Moore(13) 
was used. In each experiment one untreated and 2-3 treated guinea pigs were 
exposed to histamine inhalation. Untreated animals generally died with con- 
vulsions after 2-3 minutes’ exposure. The effect of treatment, which consisted 
in either alleviation of symptoms or protection against death, is given in Table 
2. The minimal active dose of Diatrin against lethal amounts of inhaled hist- 
amine was 0.05 mg/kg given intramuscularly or subcutaneously. 

TABLE 1 


Activity of antihistamines against intravenous lethal histamine doses in guinea pigs 



DIATRIN 

BENADRYL 

w-53 

PYRIBENZAMINE 
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0/2 
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5/7 

1/7 
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2 LD = treatment followed by 2 lethal intravenous histamine doses. 

5 LD =• treatment followed by 5 lethal intravenous histamine doses. 

* number animals reacting with convulsion/number animals treated. 

t number died/number treated. 

(4) Influence on the blood pressure lowering effect of histamine. 

The carotid blood pressure of dogs in anaesthesia (sodium phenobarbital 
120-160 mg/kg, or pentobarbital 35 mg/kg intraperitoneally) was recorded on a 
kymograph. Various doses of histamine (0.5-4 y) were injected intravenously 
before and after intravenous Diatrin treatment. Doses above 0.5 mg/kg reduced 
or blocked the hypotension induced by histamine for more than 2 hours. 

(5) Influence on the histamine wheal. 

The method described by Rocha e Silva and Dragstedt (14) was used to visu- 
alize the effect of histamine, or its inhibition, on the skin. Volumes of 0.2 cc 
histamine 1 : 1000 and 1 : 10,000 were injected intradermally on the shaved backs 
of albino rabbits. Immediately after injection, 1 cc/kg of a 1% Trypan blue 
solution was injected intravenously into the ear vein. In the untreated rabbit, 
j to 1 minute after the injection of the dye, a blue ring appeared in the zone of the 
injected histamine; this ring became increasingly colored; within 1-5 minutes a 
(full) blue circle, corresponding to the histamine wheal, formed a contrast to 
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studied comparatively. The tissues of animals used for this investigation were 
subjected to histologic examination. 

(1) Acute toxicity. 

The results of the experiments on the acute toxicity of the various antihis- 
taminic drugs tested are summarized in Table 0. 

Symptoms. In mice, distinct differences were noted in the length of time 
which elapsed between the administration of the various antihistaminics and 
the onset of convulsive symptoms. The duration of the convulsive states elicited 
by comparative doses of the different antihistaminics varied. The tonicoclonic, 

TABLE 5 


Effect of antihistaminics on circulation and respiration by intravenous injection in dogs 


DRUG 

DOSE 

ug/kg 

PULSE SATE 
VAMATIOH/MS. 

RESPIRATORY BATE 

variation/kin. j 

1 

BLOOD PRESSURE 
VARIATION MV/HG 

SET CRN TO NORMAL 
ATTER MINUTES 

Diatrin 

0.2 

+10, +0 

0, -1 

0, +5 

1,1* 


1.0 

0, -10, -16, 
-4, -8 

+4, -7, 0, 0, 
-1 

-24, 0, -4, 
-30, -37 

3, 1, 2, 9 


2.0 

4, -12, -14, 
-8 

+4, +1, +6, 
+6, +16 

-54,-46, 

-48, -44, 
-52 

3, 4, 5,4,4 


4-5 

-12, +42, +28, 
-16, +2, -4 

+7, +25, +12, 
+30, +21, 

+7, +36 

-96, -49, 

-68, -60, 
-70, -64, 
-56 

4,7,7,12,12, 

7,25 


8-10 

-14, +30 

+45, +39 

-95, -60 

15, 30 

Pyribenzamine ! 

0.2 

+4 

+1 

+10 

1 


1.0 

-28, 0 

+16,0 

0, +28, +10 

8 


2.0 

i ~ 12 

+20, +8 

-78, -30 

12, 5 


4.5 

0, +12 

-f39, +3 

-110, -84 

10, 12 

Benadryl 

0.2 

! -s 

0 

0 

1 


1.0 

i+ 4 

-1 

+15 

1 


* Each figure corresponds to one injection of the drug. 


epileptiform convulsions elicited by all drugs studied were of much longer dura- 
tion in mice (1-2 hours) than in rabbits, in which they usually lasted no longer 
than 2-15 minutes. As a rule, convulsions in rabbits started one minute after 
the administration of the drug; only occasionally was the onset delayed by 10-15 
minutes. The animals showed an increased tonicity or spasticity of the muscles 
for some time after the convulsions had ceased, and mechanical stimulation 
elicited a new convulsive attack during this period. Opisthotonos was present 
during these attacks, which were followed by a prolonged period of depression 
and general weakness. 

The majority of the mice which succumbed to the effect of antihistaminics 
died during the prolonged convulsive stage. When very high lethal doses 
were given, death followed within a few minutes. 
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(G) Activity in the anaphylactic shock of guinea pigs. 

Guinea pigs, sensitized 2 weeks before by the subcutaneous injection of 0.1 
cc. horse serum, were injected intravenously with 0.2 cc of the same serum. 
Typical symptoms of anaphylactic shock, ending with death in 80% of the cases, 
followed this injection. In animals treated subcutaneously with 1.0 mg/kg 
Diatrin, only very mild signs — ruffled fur, sneezing, red ears — were induced by 
the second injection of serum and the animals survived (Table 4). 

TABLE 4 


Therapeutic activity of Diatrin in anaphylactic shock of guinea pigs 
(Shocking dose used: 0.2 oc horse serum intravenously) 



* Injected with 0.5 cc serum. 

++++ Severe convulsions, collapse. 

+ + Gasping or depression. 

± Red ears, sneezing, ruffled fur. 

0 No symptons. 

(II) Pharmacologic experiments 

The effect of intravenous Diatrin on pulse, respiration and blood pressure 
was observed in 12 dogs and 6 cats under barbiturate anaesthesia. A drop in 
blood pressure of 24-37 mm followed the intravenous injection of 1 mg/kg 
Diatrin. Increased doses of Diatrin caused correspondingly lower blood pres- 
sure levels. The drop in blood pressure was accompanied, in general, by an 
increased respiratory rate, which was of slightly longer duration than the period 
of lowered blood pressure (4 minutes on the average). The changes in pulse were 
slight and variable even with doses as high as 5 mg/kg Diatrin. The pharma- 
cological effect of Diatrin is similar to that of other antihistaminics (10, 17). 

(III) T oxico-palhological studies 

The acute and chronic toxicity of Diatrin, Pyribenzamine, Antergan, Neo- 
ant ergan, Benadryl, administered by various routes to different species, was 
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was a normal (12%) gain in weiglit during this period. None died from the 
effect of the medication. No gross pathologic changes were found at autopsy 
performed at the end of the experimental period. II. Groups of 10 rats (5 
males, 5 females) were given, 5 times per week for 3 months,' 20 mg/kg of the 
following antihistaminics: Diatrin, Pyribenzamine, Antergan, Neo-antergan, 
Benadryl. An eleventh group of 10 rats received, instead, distilled water for 
the same period. Body weight was determined every 2 weeks. The weight 
increases observed in the various series of rats fed with Diatrin were about the 
same as those seen in the control series. All animals were killed at the end of 
the experimental period. 

The histopathologic study of the internal organs (brain, thyroid, thymus, 
lungs, heart, aorta, liver, pancreas, spleen, adrenals, kidneys, testes, ovaries, 
uterus, bladder, bone marrow) did not reveal any consistent and significant 
abnormalities. The majority of the rats of all series was free from any patho- 

TABLE 7 


Histologic lesions in rats after repeated oral administration of antihistamines 
(group of 10 rats for each drug) 

Per cent of animals affected. 


SUBSTANCE 

DIATRIN 

PYRIBENZA- 

MINE 

ANTERGAN 

NEO- 

ANTERGAN 

BENADRYL 

CONTROL 

Lun? Artery Hy- 
alinosis 

35 

30 

50 

25 

40 

40 

Brain degenera- 
tions 

10 

0 

0 

10 

0 

5 

Testis degenera- 
tions 

— 

10 

20 

0 

0 


Liver degenera- 

0 

0 

0 

0 

5 

0 

tions 





1 



logic lesions. The brains of a few rats showed vacuolization of scattered gang- 
lion cells, or a few pyknotic ganglion cells, or focal proliferations of glial cells. 
Medial hyperplasia and hyalinosis in the walls of small and medium sized pul- 
monary arteries, or subintimal calcified polyps in the pulmonary artery, were 
present in an appreciable number of rats, including those of the control series 
in which these changes were not quite as pronounced as in the experimental 
series. Testicular degenerations and focal liver cell regressions were observed 
in a few rats. The histologic findings are summarised in Table 7. 

(b) Subcutaneous administration. 25 rats received, 6 times per week for 2 
weeks, 25 mg/kg of Diatrin into the subcutaneous tissue of the back. All ani- 
mals survived the experimental period without any apparent ill effects. There 
were no gross abnormalities found at autopsy. 

(c) Intravenous administration. Groups of 6 rabbits each were given intra- 
venously, 5 times per week for C weeks, the following antihistamines: Diatrin, 
Pyribenzamine, W-53, Neo-antergan and Benadryl. The initial dose was 8 
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Four dogs (average weight 10 kg) injected intravenously with 50 mg Diatrin 
exhibited only very mild signs of incoordination. Pyribenzamine given in the 
same dosage to 3 dogs induced severe convulsions, salivation, and, after the 
disappearance of these symptoms, spastic gait. Benadryl, in 2 dogs, gave only 
-slight symptoms, such as spastic gait, lasting about 3 minutes. 

In cats, (average weight 2| kg) a dose of 50 mg Diatrin given intravenously 
induced intense salivation in all 3 animals injected and vomiting in one (no 
convulsions). The same dose of Pyribenzamine caused violent convulsions. 
Benadryl caused convulsions in 2 out of 3 animals, while the third reacted with 

TABLE 6 

Comparative toxicity of Antihistaminics: Average convulsive (CD) and lethal doses 


(LDi 0 ) in mg/kg 


DBCG 

SPECIES j 

NUJCBEX j 
OP ANIMALS | 
USED 

XNTBAVENOUS 

SUBCUTANEOUS 

ORAL 

CD 

ld» 

CD 

LDm 

CD 

LDw 

Diatrin 

Mouse 

739 

25 

45 

125 

160 

450 

550 


Rabbit 

44 

15 

30 1 

1 


i 



Guinea pig 

128 

15 

30 


140 , 

750 

900 

Pyribenzamine 

Mouse 

154 

7 

16 



100 

275 


Rabbit 

19 

5 

10 






Guinea pig 

40 



12.5 

35 



Antergan 

Mouse 

158 

10 

35 

75 

125 

150 

325 


Rabbit 

7 

10 

15 





Neo-Antergan 

Mouse 

197 

17 

25 

75 

115 

200 

325 


Rabbit 

16 

f§9 

12 





Benadryl 

Mouse 

90 



75 

125 

100 

150 


Rabbit 

14 


12 





W-53 

Mouse 

73 


17.5 


75 












— 


* Tolerated without convulsions: 40 mg/kg. 


vomiting. Thus, Diatrin was better tolerated by dogs and cats than the anti- 
histaminics used for comparison. 

The data on the acute toxicity of Diatrin indicated that, depending on the 
route of administration, this substance is approximately J to 1 as toxic as the 
other five antihistaminic substances tested, as measured by the minimal con- 
vulsive doses and the LD&j. The LD M obtained for the various antihistaminics 
and species in the present investigations is in general agreement with the data 
recorded by previous workers (18, 19). 

(2) Chronic Toxicity. 

(a) Oral Administration. I. Twenty-five rats of mixed sex were fed 75 
mg/kg of Diatrin daily by stomach tube, G times per week, for 2 weeks. There 
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was a normal (12%) gain in weight during this period. None died from the 
effect of the medication. No gross pathologic changes were found at autops 3 r 
performed at the end of the experimental period. II. Groups of 10 rats (5 
males, 5 females) were given, 5 times per week for 3 months, 20 mg/kg of the 
following antihistaminics: Diatrin, Pyribenzamine, Antergan, Neo-antergan, 
Benadryl. An eleventh group of 10 rats received, instead) distilled water for 
the same period. Body weight was determined every 2 weeks. The weight 
increases observed in the various series of rats fed with Diatrin were about the 
same as those seen in the control series. All animals were killed at the end of 
the experimental period. 

The histopathologic study of the internal organs (brain, thyroid, thymus, 
lungs, heart, aorta, liver, pancreas, spleen, adrenals, kidneys, testes, ovaries, 
uterus, bladder, bone marrow) did not reveal any consistent and significant 
abnormalities. The majority of the rats of all series was free from any patho- 

TABLE 7 


Histologic lesions in rats after repealed oral administration of antihistamines 
(group of 10 rats for each drug) 

Per cent of animals affected. 


SUBSTANCE 



ANTERGAN 

NEO- 

ANTERGAN 

BENADRYL 

CONTROL 

I-ung Artery Hy- 
alinosis 

35 

30 

50 

25 

40 

40 

Brain degenera- 
tions . . 

10 

0 

0 

10 

0 

5 

Testis degenera- 
tions 


10 

20 

0 

0 


I-iver degenera- 

0 

0 

0 

0 

5 

0 

tions 








logic lesions. The brains of a few rats showed vacuolization of scattered gang- 
lion cells, or a few pyknotic ganglion cells, or focal proliferations of glial cells. 
Medial hyperplasia and hyalinosis in the walls of small and medium sized pul- 
monary arteries, or subintimal calcified polyps in the pulmonary artery, were 
present in an appreciable number of rats, including those of the control series 
in which these changes were not quite as pronounced as in the experimental 
series. Testicular degenerations and focal liver cell regressions were observed 
m a few rats. The histologic findings are summarised in Table 7. 

(b) Subcutaneous administration. 25 rats received, 6 times per week for 2 
"eeks, 25 mg/kg of Diatrin into the subcutaneous tissue of the back. All ani- 
nials survived the experimental period without any apparent ill effects. There 
"'ere no gross abnormalities found at autopsy. 

(c) Intravenous administration. Groups of 6 rabbits each were given intra- 
venously, 5 times per week for 0 weeks, the following antihistamines: Diatrin, 

yribenzamine, W-53, Neo-antergan and Benadryl. The initial dose was 8 
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Four dogs (average weight 10 kg) injected intravenously with 50 mg Diatrin 
exhibited only very mild signs of incoordination. Pyribenzamine given in the 
same dosage to 3 dogs induced severe convulsions, salivation, and, after the 
disappearance of these symptoms, spastic gait. Benadryl, in 2 dogs, gave only 
-slight symptoms, such as spastic gait, lasting about 3 minutes. 

In cats, (average weight 21 kg) a dose of 50 mg Diatrin given intravenously 
induced intense salivation in all 3 animals injected and vomiting in one (no 
convulsions). The same dose of Pyribenzamine caused violent convulsions. 
Benadiyl caused convulsions in 2 out of 3 animals, while the third reacted with 

TABLE 6 


Comparative toxicity of Antihistaminics: Average convulsive ( CD ) and lethal doses 

(LDst) in mg/kg 


DRUG 

SPECIES 

NUUBES 

1 OF ACTUALS 
USED 

INTRAVENOUS 

II 

SUBCUTANEOUS 

ORAL 



CD 

LD m 

CD 

LDm 

Diatrin 

1 Mouse 

739 

25 

45 

125 

160 

450 

550 


! Rabbit 

44 

1 15 

30 






Guinea pig 

128 

15 

30 

50* 

140 

750 

900 

Pyribenzamine 

Mouse 

154 

7 

16 

. 50 

80 

100 

275 


Rabbit 

19 

5 

10 






Guinea pig 

40 



12.5 

35 



Antergan 

Mouse 

158 

10 

35 

75 

125 

150 

325 


Rabbit 

7 

10 

15 





Neo-Antergan 

Mouse 

197 

17 

! 

25 

75 

115 

200 

325 


Rabbit 

16 

7 

12 





Benadryl 

Mouse 

90 



75 

125 

100 

150 


Rabbit 

14 

10 

12 





W-53 

Mouse 

73 

8 

17.5 

40 

75 




* Tolerated without convulsions : 40 mg/kg. 


vomiting. Thus, Diatrin was better tolerated by dogs and cats than the anti- 
histaminics used for comparison. 

The data on the acute toxicity of Diatrin indicated that, depending on the 
route of administration, this substance is approximately J to las toxic as the 
other five antihistaminic substances tested, as measured by the minimal con- 
vulsive doses and the LD M . The LD M obtained for the various antihistaminics 
and species in the present investigations is in general agreement with the data 
recorded by previous workers (18, 19). 

(2) Chronic Toxicity. 

(a) Oral Administration. I. Twenty-five rats of mixed sex were fed 75 
mg/kg of Diatrin daily by stomach tube, 6 times per week, for 2 weeks. There 
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The histologic examination of the organs of the rabbits of both series re- 
peatedly injected with antihistamines (intravenously) included brain, thyroid, 
thymus, heart, aorta, lungs, liver, pancreas, stomach, intestine, spleen, adrenals, 
kidneys, bladder, testes, ovary, uterus, bone marrow, lymph nodes, vena cava 
inferior. Minor and scattered degenerative changes in ganglion cells and glial 
cell foci were found in the brains of several rabbits given high doses of Diatrin, 
Pyribenzamine, Neo-artergan, and Benadryl. Medial thickenings and hyalinosis 
of the medium-sized and small pulmonary arteries were found in rabbits which 
received the high, almost lethal, doses of Diatrin, Pyribenzamine, Antergan, 
Neo-antergan and Benadryl. They were absent in all 6 rabbits to which 8 
mg/kg of Diatrin were given repeatedly. Medial degenerations and calcifica- 
tions of the aorta were present in some of the animals of the high dose groups 
given Diatrin, Pyribenzamine and Benadryl. Small degenerative foci and 
fibroblastic proliferations of the myocardium were noted in one or two rabbits 
of all groups. The same applied to the foci of fatty or hyaline degeneration of 
the liver, and the atrophic changes in the testes. 

Thus, the pathologic lesions observed after the repeated oral and intravenous 
administration of large amounts of Diatrin to rats and rabbits were of relatively 
minor nature and appeared only when toxic sublethal doses were given re- 
peatedly. 

(3) Detoxification. 

Fractions of the lethal doses were injected at various intervals, in order to 
determine the persistence of Diatrin in the organism. In a series of 28 rabbits 
injected intravenously with the lethal dose, 10 and 15 mg/kg, at 10 to 30 
minute intervals, the cumulative toxic effect appeared very clearly. The 
mortality rate decreased when the interval between injections was increased to 1 
hour. These results indicate that the detoxification or excretion of Diatrin in 
the organism takes place at a relatively rapid rate. 

Attempts to counteract the toxic effect of antihistaminics had only limited 
success. The convulsive reaction of the antihistamine could be prevented or 
aborted transitorily in mice treated with 2-methyl-phenyl-a-glyceryl ether 
(Myanesin), a compound with curare-like action (20). 

DISCUSSION 

This investigation shows that N,N'-dimethyl-N'phenyl-N'-(2-thienylmethyl) 
ethylenediamine hydrochloride (Diatrin) is better tolerated, in all animal spe- 
cies experimented upon, than the other antihistaminics included in this study. 
Depending upon the route of administration, the average lethal dose of this 
drug is 1-J— 4 times higher than that of five other antihistaminics investigated. 
A further advantage for this compound is that its comparative tolerance is even 
greater when determined on the basis of convulsive dose, since this dose very 
likely represents the action of the antihistaminic on the central nervous system. 

From a more general pharmacological viewpoint, it is noteworthy that the 
spread between lethal and convulsive action, as well as the onset and length of 
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mg/kg. Since fatalities occurred among the rabbits of the W-53 and Pyribenza- 
mine series after the second injection, the daily dose of these two drugs was re- 
duced to G mg/kg for the remainder of the experimental period. The time and 
number of deaths and the convulsion rates in the various groups are summarized 
in Table 8. 

The observations made in this experiment indicate that Diatrin has the lowest 
toxicity, as shown by the relatively few convulsions and the absence of fatalities , 
in this group. 

In a second series of intravenous injection experiments with various anti- 
histamines (Diatrin, Pyribenzamine, Antergan, Neo-antergan, Benadryl), the 

TABLE S 


Mortality and convulsion rales in rabbits after repealed intravenous injections of 
antihistamines — 8 mg/kg 
(group of G rabbits for each drug) 


INJECTIONS | 

2 

7 

n | 

17 

24 

30 

Diatrin 







Death j 

0 

0 

0 

0 

0 

0 

Convs 

0 

2 

3 

4 

2 

2 

Pyribenzamine* 








3 

0 

0 

0 

0 

0 


6 

2/3 1 

2/3 

2/3 

2/3 I 

2/3 








Death 

1 

0 

1 

1 



Convs 

6 

3/5 

3/5 

3/4 

2/3 

2/3 

Neo-Antergan .... 







Death 

0 

0 

0 

0 


0 

Convs 

G 

5 

5 

5 

4 

6 

Benadryl 







Death 

0 

1 

1 

0 



Convs 

3 

6 

5/5 

4/4 

1/4 ] 

1/4 


* dose reduced to 6 mg/kg after 2nd injection, 
t number convulsed/number left alive. 


effect of a gradual increase of the dose of antihistaminics during a 6-weeks’ 
period of daily administration was studied. Starting with a relatively low' dose, 
i.e., medium convulsive dose, the amounts finally given to and tolerated by some 
of the rabbits surviving this type of medication reached at times the LDto, or 
even LDioo, of these compounds. This development of tolerance following the 
daily administration of antihistaminics could not be consistently obtained. 

Only the rabbits which died from the effects of the treatment with the various 
antihistamines showed at autopsy considerable hyperemia of the meningeal 
vessels, congestion of the liver and occasionally hemorrhages and engorgement 
of the lungs. A moderate amount of clear serous fluid was found in the peri- 
toneal cavity of 2 rabbits killed by Diatrin and of 1 rabbit succumbing to Neo- 
antergan. On the other hand, there were no gross pathologic changes in the 
rabbits killed at the end of the experimental period. 
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tialities of a drug a number of its antihistaminic and antianaphylactit charac- 
teristics should be determined. These findings are in complete agreement 
with experimental data of Rose, Feinberg, Friedlaender and Feinberg (21), 
showing that Benadryl, Pyribenzamine, Antergan and Neo-antergan have the 
same antianaphylaetic activity, while their protective activity against multiple 
lethal doses of histamine might be of a completely different magnitude. Sim- 
ilar discrepancies were noted by Halpem (22) for certain thiodiphenylamine 
derivatives. 

With the present limited knowledge of the mechanism of allergy and anti- 
allergic action, it is not possible to say which method of testing might have 
more clinical significance. It seems, however, that the experimental method 
most frequently used, i.e., the intravenous injection of multiples of the lethal 
histamine dose, has no bearing on clinical effectiveness. In fact, drugs with 
widely different activity against intravenous histamine in guinea pig experi- 
ments (such as Benadryl, Pyribenzamine, Neo-antergan) are used clinically 
in the same dosage. It is possible that these differences will be better accounted 
for when more information is available on the fate of the antihistaminics in the 
organism. Hypothetically, a variable rate of absorption at different dose levels 
and methods of administration, for instance, could explain part of these dif- 
ferences. 


SUMMARY 

N ,N'-dimethyl-N'-phenyl-N'-(2-thienylmethyl) ethylenediamine hydrochlo- 
ride (Diatrin) has been studied for its antihistaminic and toxicological properties. 
The following findings are reported: 

(1) Doses of 0.1-1.0 y/cc inhibit the contraction induced by histamine in the 
isolated intestine and uterus of guinea pigs. The effect of 20-50 y histamine on 
the perfused lung is inhibited by 0.5-1.0 mg Diatrin. 

(2) Injected intravenously into dogs, Diatrin interferes with the blood pres- 
sure lowering effect of successive histamine injections. 

(3) It protects guinea pigs against lethal histamine asthma in doses of 0.05 
mg/kg (subcut.). 

(4) It protects guinea pigs against multiple lethal doses of intravenous his- 
tamine. The minimal active dose against 2-5 lethal doses is 0.25-0.50 mg/kg. 

(5) It protects horse-serum sensitized guinea pigs against lethal anaphylactic 
shock in 0.5 to 1.0 mg/kg doses. 

(6) The therapeutic index of Diatrin is high, particularly by the oral route 
of administration (300-1200); by subcutaneous administration the index is 80 
in anaphylaxis, 800 in histamine asthma. 

(7) From a qualitative standpoint, the pharmacological action of the drug is 
similar to that of other antihistaminics of the ethylenediamine series. 

(8) The comparative evaluation of toxic, convulsive, and lethal doses in mice, 
rats, guinea pigs, rabbits, dogs and cats, indicates that the compound is charac- 
terized by a high tolerance. Histopathologic studies confirm this finding. 

(9) There is no relationship between the anti-histamine and antianaphylaetic 
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the convulsive state, are not the same for different antihistaminics and routes 
of administration. 

The normal weight gains and the absence of pathological findings in the organs 
of animals treated for long periods with Diatrin are further indications of the 
relative non-toxicity of the drug. Pathological changes in the liver and brain 
were observed only when extremely high, acutely toxic, doses of this — or of 
the other antihistaminics — were administered repeatedly. 

From a qualitative standpoint, the pharmacological action of Diatrin, (toxic 
symptoms, lowering of blood pressure, increase of respiratory rate) is similar to 
that noted for other ethylenediamine derivatives (W-53, Pyribenzamine, Anter- 
gan). 

In relation to the low toxicity of the drug, its therapeutic index (tolerated 
dose/therapeutic dose) is quite high under different experimental conditions: 
40 to 80 in anaphylactic shock; 800 in histamine asthma. (Table 9). 

TABLE 9 


Therapeutic indices of Diatrin in anaphylaxis and histamine poisoning of guinea-pigs 


CONDITION' 

D I ATKIN TREATMENT 

TOLERATED DOSE 

PROTECTIVE DOSE 

THERAPEUTIC INDEX 

histamine poisoning 
2 ld intravenous 

oral 

600 

mm 

1200 


subcut. 

40 

i 

160 

5ld intravenous 

oral 

600 

■ MMWt 

300 


subcut. 

40 

1.0 

40 

histamine asthma 

oral 

600 

2.0 

300 


subcut. 

40 

0.05 

800 

death anaphylaxis 

subcut. 

40 

0.5 

80 

syraptons anaphy- 

subcut. 

40 

1.0 

40 

laxis 






The doses required to protect horse-serum sensitized guinea-pigs against 
anaphylactic shock are about the same (0.5-1. 0 mg/kg) as found for the anti- 
histaminic used for comparison (Pyribenzamine). In the experiments on the 
isolated organs, the activity of Diatrin and of the various drugs compared is 
approximately the same. On the other hand, larger doses of Diatrin are re- 
quired to protect against intravenous histamine than is the case with the other 
antihistaminics, except Benadryl. 1 

Thus, the absolute and ihc comparative figures of protective dosages of the 
antihistaminic drug vary according to the method used for determination of 
activity. The variance of activity ratios between different drugs according to 
the technique used has an obvious practical importance aside from its theoretical 
interest. It suggests that in order to have sufficient information on the poten- 

1 We have no explanation for the report of P. Viaud (Prod. Pharmaceut. 2: 53, 1947) who 
mentions this compound as being inactive. Viaud’s statement is in disagreement also 
with Kyredes, Meyer, and Zicnty’s recent note (J. A. C. S. 69: 2239, 2947) indicating that 
the preparation has been tested and found active. 
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Some Indian tribes of Antioquia, Colombia have used as an arrow poison, the 
milky exudate of a tree known locally as “pacuru-niaara” acording to Piedrahita 
who reported studies upon this poison in 1920 (1). Ethnologists later reported 
its continued use (2, 3, 4) and a sample of the prepared arrow poison was ex- 
amined by Santesson in 1929 (5). 

The raw juice of the bark of the “pacuru-niaara”, or “poison tree”, an Arlo- 
carpoidea, genus Ogcodeia and probably Ogcodeia lernslroemiiflora Midbr. (6) 
was collected by one of us and was used for the bulk of these experiments. An 
active principle has been isolated from the juice and some of the studies were 
performed with it. This principle, “niaarin”, is white, amorphous and gives 
chemical responses characteristic of the cardiac glycosides. The chemical and 
physical properties are very similar to those of antiarin but it is not identical 
with it. A later report nail deal with the chemistry of “niaarin”. 

ExPEMMENTAi. 1. General effects in mammals. Intramuscular injection of 
30 to GO per cent of the LD 6 o (table 1) of raw niaara juice in dogs or cats produces 
repeated vomiting, occasional diarrhea, and marked weakness with ataxia, all 
developing within 15 to 30 minutes after the injection. Bradycardia and respir- 
atory depression occur early in the course of poisoning. 

Later, cardiac rate is more rapid and irregular. Recovery begins within three 
or four hours and progresses regularly. After an injection of an LD 6 o death 
occurs in two to three hours as the result of respiratory depression. The heart 
contracts feebly and irregularly after respiration fails but artificial respiration 
does not prevent the cardiac arrest which follows nothin a minute after respiratory 
arrest. Niaarin produces the same general effects but is far more potent (table 
1) and very irritating. 

In addition to manifesting the effects described above, rats also become agi- 
tated and develop convulsions, which may not be entirely asphyxial in nature 
(9). Vomiting is regularly produced in pigeons. 

2. Absorption and excretion. Subcutaneous tissues absorb niaarin very slowly 
in dogs; 70 minutes elapse before the onset of systemic effects in dogs during 
which there is evidence of marked irritation. It is much more rapidly absorbed 
from intramuscular sites, 20 minutes being sufficient for symptoms to develop. 
Following intravenous injection the actions of niaarin are exerted almost imme- 
diately. 

Absorption of the active principle from raw niaara or directly as amorphous 
niaarin occurs in the gastro-intestinal tract of dogs, but it is incomplete and the 
dose must be increased 10 to 20 fold. The symptoms of poisoning, vomiting, 

1 Professor of Pharmacology, Javcriana University Medical School, Bogotd, 
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effectiveness of various antihistaminic preparations. Similarly, the doses pro- 
tecting against inhaled and injected histamine, or giving protection in vitro, do 
not necessarily have the same relationship in different compounds. 
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Fig. 1. Kfi-kct of Toxic Doses of Xiaahin on Blood Phessube and Respiration of a Cat 
From above down: carotid artery pressure, respiration and time (0 see.). Dose intravenously is 0.4 mgm./kgm. 
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adynamia, and bradycardia are all present but death has never occurred, possibly 
because of the prompt and persistent vomiting which prevents retention of much 
of the poison. 

When vomiting was prevented by a barbiturate, 2 oral administration of 10 
mgm./kgm. of niaarin (50 times the intravenous LD50) resulted in death within 
three and one half hours in one dog. 

Elimination of niaarin seems to be slow for the symptoms produced by sub- 
lethal doses persist one or two days. That there is some cumulation is indicated 
by the following observation. If niaarin is injected intravenously in doses of 
0.17 mgm./kgm. 24 hours apart, the first injection produces sub-lethal effects 
with apparent recovery in eight or ten hours; the second dose causes death. 

3. Effects on the circulatory system, a) Blood pressure and respiration. Fifty 
dogs and ten cats were anesthetized with 40 mgm./kgm. of a barbiturate, 2 carotid 

TABLE 1 


LDk by carious routes of raw niaara juice and amorphous niaarin in several species 


SPECIES 

ROUTE 

NUMBER OP ANIMALS 

LDW 

HOURS TO DEATH 

Niaara 

Dog 

i.m. I 

30 

0.05 cc./kgm. 

2-3 

Cat 

i.m. 

5 

0.05 cc./kgm. 

2-3 

Rabbit 

i.m. 

10 

0.08 cc./kgm. 

8-14 

Rat | 

i.p. 

30 

1. 0-1.1 cc./kgm. j 

— 



Niaarin 

** 

Dog 

i.v. 

8 

0.22 mgm./kgm. 

10-12 min. 

Cat* 

i.v. 

6 

0.21 mgm./kgm. 

30-35 min. 


* By the continuous intravenous injection method described by Mezey (7). 


pressure was recorded with a mercury manometer and respiration was recorded 
from a tracheal cannula. Drugs were injected into the femoral vein. 

As little as 0.001-0.002 cc./kgm. of niaara produced a slight rise in blood 
pressure and simultaneously decreased respiratory rate. Larger doses (0.01 
cc./kgm.) produced a rise of 30-50 mm. of Hg in the blood pressure associated 
with bradycardia and extrasystoles. Still larger doses (0.05-0.1 cc./kgm.) pro- 
duced a similar effect, followed by a sudden fall of the pressure to zero and death 
in respiratory arrest. Niaarin in doses of 0.1-0.2 mgm./kgm. is similar in action 
(figs. 1 and 2). 

Neither atropine sulphate, 1.0 mgm./kgm., nor ergotamine tartrate, 0.02 
mgm./kgm. altered the action of niaara and niaarin on the blood pressure, but 
atropine did prevent the bradycardia, while ergotamine prevented respiratory 
inhibition. Denervation of both carotid sinuses and sections of both vagi and 
cervical sympathetic trunks had no effect on the blood pressure changes, but 

* Sodium phenyl-methyl-butyl barbiturate, "Barbisedan”. 
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sensitive to niaara in dilutions of 1:1000. The effect was typical of the digitalis 
bodies and 1:500 niaara produced systolic standstill. 4 

4. Effect on smooth muscle. The isolated rabbit ileum (Magnus technique) 
developed considerable increase of tone and amplitude of contraction when 
exposed to niaara in dilutions of 1:20,000. Niaarin in dilutions of 1:200,000 to 
1:300,000 produced the same effect. The effects were readily reversed by 
washing. 



Fig 3 Electrocardiograms (Lead 11} of an Anesthetized Cat Receiving 
0 135 mgm /kgm of Niaarin Intravenously 
From above down Control and 1, 3 and 5 minutes after the injection 

The tone of isolated uteri was markedly increased by niaara (1 : 10,000) and 
niaarin (1:300,000). This effect is also reversed by Mashing. 

Previous treatment of the intestine or uterus nith atropine (1:50,000) or with 
ergotamine (1:100,000) did not inhibit the stimulating effects of either niaara 
or niaarin. Apparently the action is a direct one on the muscular elements. 

5. Effect on myoneural junction. Experiments on toads and dogs in which 
direct and indirect irritability of skeletal muscles was examined failed to reveal 
any evidence of curare-like action. 

* Drs H Miller and R Meier of the Department of Pharmacological Investigations of the 

Ciba Laboratories at Basle \erv Kindly performed the experiments on /?. temporar ta, a 
species which does not occur in Colombia, 
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bradycardia was prevented. Apparently, the bradycardia is the result of vagal 
activity, possibly initiated by the elevated pressure in the carotid sinuses. 

b) Electrocardiogram? The effect of niaarin on the electrocardiogram was 
studied in one anesthetized cat which received 0.045 mgm./kgm. intravenously, 
followed one hour later by 0.135 mgm./kgm. Marked slowing, prolongation of 
the P-R interval and a slight depression of the S-T segment were produced by 
the small dose. The large dose produced premature ventricular contractions 


0 i.-C£> MSI*} 




A' 






Ben., " 




'll * « 1 I 


Fig. 2. Effect of 0.0S8 mgm./kgm. of Niaarin on the Blood Pressure 
and Respiration of a Dog 

From above down: carotid artery pressure, respiration and time (6 sec.). The second 
tracing was made 20 minutes after the first. 



depression of the T-wave and five minutes after the injection, ventricular fibrilla- 
tion (fig. 3). 

c) Isolated mammalian cardiac muscle. Isolated right ventricular papillary 
muscle preparations were allowed to fail as described by Cattell and Gold (8). 
Addition of niaarin in concentrations of 1:1,300,000 produced almost immediate 
recovery while greater dilutions (1:6,500,000) produced a 300 per cent increase 
in systolic tension within 26 minutes. 

d) Isolated amphibian heart. Isolated toad hearts ( Bufo marinus ) were pre- 
pared according to the technique of Straub. Niaara decreased the frequency 
and increased the amplitude of the contraction in the majority of twenty experi- 
ments. 

Similar isolated frog ( Rana lemporaria ) heart preparations were found to be 

3 We wish to express our gratitude to Dr. Chenoweth and to Dr. Garb of the Department 
of Pharmacology, Cornell University Medical College for their help with the electrocardio- 
grams and the experiments on the papillary muscle. 
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6. Action of niaarin in man. Three subjects with organically and functionally 
intact circulatory systems tolerated total intravenous doses of 0.25 to 1.0 mgm. 
of niaarin very well. Slight slowing of the pulse was observed during the 6 to 8 
hours following injection. Diarrhea was also produced. 

In 7 cases 5 of congestive heart failure, niaarin as the sole therapy, was injected 
intravenously each day in doses of 0.50 to 0.75 mgm. for the first two days and 

0. 25 mgm. daily for two or three days more. The therapeutic effect was evident 
in less than 24 hours after initiation of the treatment. Heart rate fell (average 
fall 40 beats/min.), venous pressure was reduced (average reduction 150 mm. 
of H 2 0), respiratory rate decreased (average decrease 10/min.) circulation time 
became shorter (average decrease 15 seconds) and considerable diuresis occurred 
in those patients with marked congestion. Electrocardiograms generally re- 
vealed depression of the S-T segment and in three cases, inversion of the T- wave. 

On the whole, niaarin compares closely with strophanthin in rapidity and 
brevity of action. Cumulation is not important when 0.25 mgm. is given as the 
daily maintenance dose. No side effects were noted in the congestive failure 
cases. 

Discussion. The actions of niaarin are generally typical of the cardiac 
glycosides, although the gastro-intestinal tract is involved more than usual. 

When the source of the poison is confined to the single tree, Ogcodeia tenistro- 
emiiflora, no curare-like action is produced by either the raw juice or the purified 
principle, niaarin. The curarization observed by Santesson with his sample was 
probably the result of mixing poisons at the source, a custom he describes. Con- 
vulsions in rats are now known to be produced by several of the more familiar 
cardiac glycosides (9). 

Although niaarin is an effective therapeutic agent, the necessity for intravenous 
administration limits its field of usefulness. On the other hand, the actions of 
niaarin develop with remarkable rapidity which may occasional^ be desired. 

SUMMARY 

1. Niaara, an arrow poison from Colombia, S. A. is the latex of the tree Ogcodeia 
lemsiroemiiflora Midbr. 

2. An amorphous principle (“niaarin”) having chemical and pharmacological 
properties characteristic of the cardiac glycosides has been isolated from the 
latex of this tree. Neither the crude nor pure materials have any curariform 
activity. 

3. The intravenous LDso in cats is 0.21 mgm./kgm. It is poorly absorbed 
from the gastro-intestinal tract. 

4. Seven cases of congestive heart failure in man were successfully treated with 
niaarin. 
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s A complete report of these cases will be published later. 
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Measurements of velocity of hydrolysis were begun 5 minutes after mixing the contents 
of the flasks. “Initial velocity” is the average velocity during the first 10 minute period, 
corrected for autohvdrolysis, except for the red cell data at the lowest substrate concen- 
trations, when readings were token every two minutes and the initial velocity estimated 
by drawing a tangent to the curve through zero. The course of the react ions indicated that 

TABLE 1 

Velocity of hydrolysis ofACh in retrying concentrations by human plasma and erythrocytes and 
by aulohydrolysis. Velocity of hydrolysis of ACh in varying concentrations by human 
plasma in the presence of fixed concentrations of anlimalarial drugs. Three columns at the 
right of the table give the constants derived from these data, and the last column gives for 
comparison the dissociation constants (if.) of the enzyme-inhibitor complexes of red cells 
from the data of Fig 5. Values not given in the table arc red cell velocities: J..{7, 1 .03 
and 0.68 at substrate concentrations 0.030, 0.015 and 0.007 X lCr 1 .1/ respectively. 



SUBSTRATE M X 105 

Vfil/ 

nun. 

K , X 10 J M 

Ki X 10* 

13.6 | 

7.22 j 

3.74 | 

1A7 J 

.941 j 

.472] 

.245 | 

.121 | 

.061 

Initial Velocity ^1 COj/min. 

Plasma Xo. 1 


1.33 

3.39 

3.26 

3.09 

2. 78 

2.38 

1.94 

1.55 

0.9S 

3.4 

i 

64 

— 

Plasma Xo. 2 


3.10 

3.29 

3. OS 

2.90 

2.51 

2.15 

1.82 

1.34 

0.94 

3.2 

i 

95 

— 

Red Blood Cells. . 


0.25 

0.42 

0.72 

1.15 

1.63 

1.97 

2.17 

2.17 

1.83 

2.6 

0 

208 

1.53 

Autohydrolysis . . . 


1.07 

0.61 

0.34 

0.19 

0.12 

O.OS 

0.06 

0.06 

0.06 

— 

— 

— 

DRUG 

M 

X 

10* 










vvv 

min. 

Ki 

X 

10> 

Ki 

X 

10* 

RBC 

Kv X|10« 

Chloroquine* j 
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3.34 

3.17 

2.87 

2.31 

1.74 

1.19 

_ 



3.6 

9.9 

4.5 

6.1 

1120 

2. SI 

2.31 

1.74 

1.19 

0.69 

0.44 

— 

— 


3.6 

3S.0 

5.1 

Quinacrine* j 

20 

100 

3.30 

3.01 

3.21 

2.40 

2.S7 

l.SS 

2.41 

1.2S 

1.S1 

0.83 

1.34 

0.54 

0.96 

— 


3.5 

3.7 

7.8 

35.0 

0.55 

0.49 

2.4 

Palutirinet j 

439 

2200 

2.89 

2.26 

2.S8 

2.00 

2.73 

1.75 

2.50 

1.25 

2.00 

0.S6 

1.37 

0.55 

1.00 

0.50 

— 

3.0 

2.4 

5.1 

17.3 

27. 

2S. 

340. 

Quinine 11 ^ 

100 

3.02 

2.75 

2.42 

1.9S 

1.60 

1.14 

0.91 





3.1 

7.4 

2.8 


1000 

1.79 

1.32 

1.09 

0.80 

0.63 

0.46 

— 

— 

— 

2.3 

34.0 

5.1 


Plasmocbin* \ 

1 30 
1 

3.05 

2.93 

2.6S 

2. IS 

1.S4 

1.27 

0.96 

— 

— 

3.2 

6.8 

0.95 

590. 

i 150 

I 

2.73 

2.10 

1.69 

1.17 

0.84 

0.49 

— 

— 

— 

3.4 

33.4 

0.78 

Quinidinc* 

! i 
1 2C 

2.90 

12.45 

2. SI 
1.90 

2.46 

1.43 

2.02 

0.96 

1.57 

0.64 

1.21 

0.49 

— 

— 

— 

3.1 

3.1 

8.5 

39.0 

0.096 

O.OSS 

960. 


* Control: Plasma No. 1. 
t Control: Plasma No. 2. 


by the time the first reading was made, the drug-enzyme complex was already in equilibrium, 
and also that no detectable destruction of the drugs occurred during a period of more than 
two hours. As the determinations are ordinarily made, the drug is in contact with the 
enzyme for 15 to 20 minutes before measurements are started. In order to investigate the 
period immediately following addition of inhibitor to reaction mixture, parallel determina- 
tions were made with quinacrine and quinidinc added to plasma and Ringer’s solution (a) 
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The work reported here is part of a program (1) undertaken to uncover any 
relationship between the antimalaria! activity or toxicity of chemical compounds 
and their inhibitory action on cholinesterase. Although no definite relationship 
was found, enough data were collected to characterize the enzymes both of 
human plasma and erythrocytes with respect to substrate and inhibitor. Of the 
six drugs discussed in this paper (see Table 1) all but plasmochin and chloroquine 
have been reported to inhibit cholinesterase (2, 3, 4, 5). The determinations, 
however, have been limited as to type of enzyme or range of concentrations of 
substrate and inhibitor, so that calculations of dissociation constants and relative 
affinities, comparison of action of different types of cholinesterase, demonstration 
of reversibility and type of inhibition, competitive or non-competitive, have not 
been possible. 

As shown by Alles and Hawes in 1940 (6), and by many investigators since, 
the enzyme of red blood cells is qualitatively different from that of plasma, but 
the data in the literature have not been sufficiently extensive to permit the analy- 
sis of its enzyme-substrate kinetics. For this reason a fairly large section of this 
paper is devoted to the cholinesterase of the erythrocytes in the absence of in- 
hibitors. 

Method. The inhibition of cholinesterase was determined by measuring the rate of 
hydrolysis of acetylcholine iodide ( ACh ) using the manometric method introduced by 
Ammon (7). The general procedure was outlined in a previous publication (1). Plasma 
and red cell preparations were made by drawing blood from the antecubital vein of a human 
subject, citrating the blood with 1.6 ml. of 30% sodium citrate per 100 ml. of blood, and 
centrifuging at once. The plasma was diluted to 5% and the red cells to 1% before addition 
to the manometer flasks. The amount of diluted red cells or plasma used varied from 0.7 to 
0.9 ml., depending on the enzymic activity of the sample. Drugs were added to the enzyme 
preparation in the main compartment of the flasks and ACh was placed in the sidearm. 

When relatively large quantities of ACh are dissolved in Ringer’s solution it is necessary 
to make appropriate corrections in molarity for an increase in volume. These corrections 
were determined for the higher concentrations by weighing 1.0 ml. of solution and calcula- 
ting the actual concentration from the ratio of observed weight to expected weight if no 
change in volume had occurred. For the lower concentrations the volumes of solutions of 
ACh in 1.0 ml. of solvent were compared directly in a capillary tube with 1.0 ml. of solvent. 
Fig. 1 shows the volume changes from which the actual molar concentration in the manoni-, 
eter flasks were calculated. The corrections amounts to about 20% at 0.3 M and becomes 
negligible at about 0.005 M. All substrate molarities have been corrected for volume 
effects. 

The Ringer-bicarbonate solution of Krebs and Hanseleit (8) was used throughout as 
suspending medium. 
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1.61 X lO" 3 for plasma 1 and 3.23 and 1.95 X lO' 3 for plasma 2. These values 
fall within the range of values obtained for human serum by other investigators 
(12, 13, 14). 

A theoretical curve has been drawn through the data for the activity of the red 
cell enzyme in Fig. 2 according to the equation: 


Y(S) 

(S) + K, + CS)"/Aj 


(Equation 2) (1 1 : p. 84) 


where the symbols used in Equation 1 remain the same; n represents the number 
of molecules of substrate combining with a molecule of enzyme to form the in- 
active enzyme-substrate complex [ES n ), and If; represents the apparent dissocia- 
tion constant (ES)(S) n ~ l / (ES n ). 



Fig. 2. Velocity of hydrolysis of varying concentrations of ACh by human plasma and 
erythrocyes and by autohydrolysis. 

Fig. 3 presents the analysis of the red cell data from Fig. 2 according to the 
method described by Lineweaver and Burk (15). The constants for the red cell 
enzyme were determined on the assumption that the cholinesterase has the char- 
acteristics of their Case III and the fit obtained supports this assumption. In 
Graph A the slope represents the reciprocal of V and the intercept represents 
K,/V. K, for the red cell enzyme was found to be 2.1 X 10~ 4 and Y to be 2,6. 
In Graph B the intercept (at 5 equal to 1) determines fv« with a value of 1.5 X 
10' 2 . The slope is n and equal to 2.0. The value obtained, of 2.0, indicates that 
one additional molecule of substrate is added to the active ES complex to form the 
inactive complex. 

The optimal substrate concentration was found to be about 2 X 10“ 3 .V, in 
close agreement with the values found by earlier workers (0, 10, 17). 

When the data for red cell enzyme activity at the five lowest substrate con- 
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in the usual way (b) 15 minutes after addition of the substrate, and (c) already mixed with 
the substrate. The substrate concentration (0.02 M) was such as to give practically zero- 
order reactions with time. For both drugs the three determinations gave identical curves 
from the five minute reading to the termination of the experiment after 1$ hours, indicating 
that equilibrium is reached within 5 minutes. 

Paludrine hydrochloride (SN 12,837) was prepared in this laboratory by Dr. Everette 
L. May. Quinine (SN 359) and quinacrine (atabrine) (SN 390) were used as hydrochlorides. 
Chloroquine (SN 7618) was used as a diphosphate; quinidine (SN 1031) as a sulfate; plasmo- 
chin 1 (SN 971) as a monohydriodide monohydrate. 5 

Results. Table 1 and Fig. 2 present the data for the velocity of hydrolysis 
of ACh by human plasma, by erythrocytes and by autohydrolysis in the presence 
of varying substrate concentrations in the absence of drugs. 



tngms ACh PER m£ Hj,0 

Fig. 1. Volumes of solutions resulting from dissolving the indicated amounts of ACh in 
1.0ml. ll-O. The value for 512 mgm. is an extrapolation. 

The curves drawn through the data for plasma represent the best fit, as deter- 
mined by the method of least squares (10), using the equation: 

v = (Equation 1) (11 :p. 39) 

where v is the initial velocity of hydrolysis at molar substrate concentration (S'), 
V the limiting velocity approached with increasing (S), and K, the apparent 
dissociation constant of the enzyme-substrate complex ( ES ). K, is equivalent 
to (.S') when v is half of V, at the inflection point of the curve obtained when the 
data are plotted as in Fig. 2. The values obtained for V and K, are 3.37 and 

1 Plasmochin monoiodide was furnished by the Winthrop Chemical Company through 
the kindness of Dr. Lloyd C. Miller. 

5 Names, spellings and survey numbers used in this paper arc from Wiselogle, 1916 (9). 
Structural formulae are available in the same publication. 
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ished and with K', and K" successively increased over Iv s , exhibit entirely com- 
petitive inhibition. Paludrine successively lowered V' and V" and increased IC, 
and K ", so it exhibits a mixture of competitive and non-competitive inhibition. 
The constants obtained statistically for quinine cannot be expected to yield a 
simple interpretation of the behavior of this drug since the data cannot be fitted 
to the theoretical curves. 

The validity of K t for the plasma enzyme-inhibitor complex can be tested 
by fixing the concentration of ACh and varying the inhibitor concentration. In 
Fig. 4 are shown the data obtained at 0.0374 M ACh for the six drugs, and also 



Fio. 4. Relative velocity of hydrolysis of ACh by plasma in the presence of varying drug 
concentrations at substrate concentration 0 0374 M for all drugs, and at 0.136 M for quini- 
dine and quinacrine. 

at 0.136 M ACh for quinacrine and quinidine. Curves calculated with values 
for K, and K, and V of Table 1 using Equation 3 (which expresses a competitive 
equilibrium) fit the data for four of the drugs: quinacrine, chloroquine, plasmochin 
and quinidine. Since paludrine exhibited both competitive and non-competitive 
inhibition under conditions of varying substrate concentration, the data for this 
drug would be expected to fit the theoretical competitive curve only after cor- 
rection for non-competitive inhibition. The theoretical curve has been drawn 
as a broken line in Fig. 4, and the experimental curve (with an apparent K, of 
1.4 X 10 -5 ) lies well to the left, as expected. The vertical distance between the 
two curves at any inhibitor concentration is a measure of the non-competitive 
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centrations (where ( S)"/K « is negligible) were fitted directly to Equation 1 by 
least squares, the values obtained for F and K, were identical with those ob- 
tained by the above analysis. 

Table 1 contains the velocities of hydrolysis of ACh by plasma at varying sub- 
strate concentrations in the presence of fixed concentrations of drugs, and the 
constants derived from the data. The limiting velocity (F') and the inflection 
point (K' t ) were determined by the use of Equation 1. K', is equivalent to 

K.(l + — ), where I is the molar concentration of the inhibitor and K; is the 




Fig. 3. Evaluation of V, K, , K- and n of the cholinesterase of human erythrocytes from 
the data of Fig. 2 by the method of Lineweaver and Burk (15, Case III). Graphs A and B 
correspond to Graphs B and C of their Fig. 3. 


dissociation constant of the enzyme-inhibitor complex (El), so that Equation 1 
becomes: 


v' = (3) (11, P- 46) 

(S) + K.(l+—) 

permitting the calculation of /£,. 

Wien the same limiting velocity is found after the addition of the inhibitor 
(F = F'), any observed inhibition is competitive. When the limiting velocity is 
lowered by the inhibitor, non-competitive inhibition is present and increasing 
doses of inhibitor should give successively decreasing limiting velocities 
(F > F' > F"). With competitive inhibition the inflection point of the curve 
is shifted to the right (K, < K', < K ”) ; with entirely non-competitive inhibition 
the value of this constant remains the same as in the absence of inhibitor. Wien 
the limiting velocity is decreased and K', is greater than A'„ the inhibition is a 
mixture of these two types. 

The data for plasma enzyme and drugs fit Equation 3 veil, except for quinine, 
and the inhibitory action can be interpreted in the manner just outlined. Chloro- 
quine, quinidine, plasmochin and quinacrine, with limiting velocities undimm- 
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values depend upon the assumptions that all inhibition observed is competitive 
and that the amount of the inactive complex ES n is negligible. It is not possible 
to determine from the data of Fig. 5 whether non-competitive inhibition is pres- 
ent. However, it is possible to estimate the maximum amount of such inhibition 
which is compatible with the data by finding the greatest variations in V' and 
Ki which the data will tolerate. Such manipulations have led us to believe that 
the values for Ki are not likely to deviate from the actual value by a factor greater 
than 2, and probably are much closer than that. 

Discussion: Originally these antimalarial compounds were investigated 
for their inhibitory action on cholinesterases with the possibility in mind that 
some relationship might be found between this inhibition and their antimalarial 
action or acute toxicity. Ho clearcut relationship of this kind was found. As 
pointed out earlier (1), this does not preclude the possibility of a close relationship 
between some toxic symptoms of the drugs, such as gastrointestinal and central 
nervous system disturbances, or some aspect of their therapeutic action, and their 
inhibitory action on cholinesterase. 

Although no relationship was found between pharmacological action and in- 
hibition of cholinesterase, the data accumulated on the antimalarial compounds 
investigated here permit an extensive analysis of their activity as inhibitors which 
may make them useful in investigative work where cholinesterase inhibition is 
desired. Furthermore the data provide a rather complete characterization of 
the red cell enzyme-substrate complex which has not been possible heretofore. 
The widely used competitive inhibitors of cholinesterase, physostigmine and pro- 
stigmine, have their limitations in that they are slow to come to equilibrium with 
the enzyme, and are also destroyed in the reaction mixture (18) (14). This re- 
quires arbitrary decisions as to the time of measurements. Four of the six drugs 
investigated are typical competitive inhibitors; there is no detectable destruction 
of them in the reaction mixture; and it has been demonstrated experimentally 
that two of them (quinacrineand quinidine) come to equilibrium very quickly. 
These two drugs are powerful inhibitors of the cholinesterase found in human 
plasma, the concentrations required for 50% inhibition being comparable to 
those reported by Goldstein for physostigmine at equilibrium (14). 

Diisopropyl fluorophosphate is an irreversible inhibitor (19) which strongly 
inhibits the cholinesterase of human plasma at concentrations which do not 
inhibit the enzyme of red cells. Quinidine offers the alternative of a reversible 
inhibitor with the same selectivity for the enzyme of human plasma. Quinacrine 
and chloroquine, on the other hand, are about equally powerful inhibitors of 
enzymes from both sources. 

The ways in which different types of cholinesterases have been classified by- 
various investigators have recently been reviewed (19). These have involved 
the Use of inhibitors or measurements of the relative activity of the enzymes in 
the presence of different substrates and the effect of high substrate concentra- 
tions on activity . As pointed out, none of these methods can be accepted without 
reservation. An alternative and probably more precise method of classification 
may be based on the almost ten-fold difference in the acetylcholine-enzyme dis- 
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inhibition. This confirms the presence of a mixture of the two types of inhibition 
in the case of paludrine. The quinine data again fail to fit the theoretical curves. 

In order to make direct comparisons of the inhibition of cholinesterases of 
plasma and red blood cells it is necessary to use a relatively'' low substrate con- 
centration to avoid as far as possible the inhibition of the red cell enzyme by 
excess substrate. A concentration of 0.003 M ACh gives optimal enzymic activ- 
ity of red cells and also gives approximately equivalent activity of red cells and 
plasma (cf. Fig. 2). In Fig. 5 are shown the data for inhibition of the enzymes 
from these two sources by the six antimalarial drugs. It is evident that the 



Fig. 5. Relative velocity of hydrolysis of 0.003 M ACh by plasma (x) and erythrocytes 
(•) in the presence of varying drug concentrations. 

drugs vary markedly in their relative effectiveness as inhibitors of plasma and 
red cell enzyme. Chloroquine and quinacrine inhibit the enzyme from both 
sources about equally, while the other four drugs are much less effective inhibi- 
tors of the red cell enzyme. 

As Goldstein has shown (14) the ratio I/S is equal to KJK, when the observed 
relative velocity is 0.5 provided no free enzyme is present. This condition js 
very nearly met in the experiments with the red cell enzyme since the optimal 
velocity is about 90% of V. This, therefore, allows the evaluation of K< for the 
red cell-inhibitor complex since inhibitor concentration (7) and substrate con- 
centration («S) are experimental quantities and K, is known from the data of 
Fig. 2. The values for /£,• are shown in the last column of Table 1. These 
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Dissociation constants of the El complexes are of a different order of magnitude 
from those for plasma enzyme in the case of paludrine, plasm ocliin, qumidine 
(and quinine), all four of these drugs being very much more effective inhibitors of 
the plasma enzyme than of the red cell enzyme. Quinidine is an excellent selec- 
tive, competitive inhibitor of plasma cholinesterase as against red cell cholin- 
esterase. The ret ersibility of its action is in contrast with diisopropyl fluoro- 
phosphate. 

Xone of these drugs was destroyed during the reaction. Equilibrium between 
inhibitor and enzyme was demonstrated in the case of quinacrine and quinidine to 
be reached within five minutes, whether the drugs Mere added before, after or 
coincidentally with the substrate 

Xo clear-cut correlations could be found between the relative inhibiting action 
on cholmesterase and the antimalanal activity or chemical constitution of these 
drugs 

Dissociation constants K, and K • were calculated from the data of other 
investigators (6) (20), and formed a series which indicates a shift of apparent 
dissociation constant with concentration of sodium and/or potassium ions. The 
series is made up of data on human erythrocytes and mouse brain, and so gives 
support to the view that the cholinesterases from these two sources are the same. 
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sociation constants, since this constant is presumably a characteristic property 
of an enzyme. However, inspection of Mendel and Rudney’s Fig. 1 (20) sug- 
gested a shift of K, of mouse brain to lower ■values with lowered salt concentra- 
tion. Because of this suggestion, the data of Mendel and Rudney’s Fig. 1 and 
the data of Alles and Hawes’ Fig. 2, Curves III and III-S, were analyzed statis- 
tically. The resulting constants are presented in Table 2, along with our own 
red cell constants. There is a clearly defined shift in the value of K, from 2.2 X 
lO -4 at the highest salt concentration to 0.2 X 10~* at the lowest. There is a 
similar shift in K* based on fewer data. The value of n remained equal to 2 
molecules of substrate to one molecule of red cell enzymes. 

Direct comparison of K, of mouse brain and human erythrocyte is not possible 
because the salt concentrations do not coincide. However, the fact that the 
values fall into a series when arranged as in Table 2 supports the view that the 
enzymes from these two sources are the same. At the same time this series 

TABLE 2 


The effect of sodium and potassium ions on the enzyme substrate dissociation constants (K, 
and Ki) of mouse brain and human erythrocytes. The data for these calculations were ob- 
tained from (a) Alles and Hawes (6) Mendel and Rudncy and (c) this text 


ENZYME SOOUCE 

rw 

K, X 10'M 

K, X 10’M | 

n* 

Mouse Brain (b) 

0.185 

2.2 

— 

— 

Human RBC (c) 


2.1 

1.5 

|. 1 

Human RBC (a) . . . 

0.145 

1.2 

1.3 


Mouse Brain (b) 

0.105 

1.4 

— 

— 

Mouse Brain (b) 

0.065 

1.0 

— 

— 


0.006 

0.2 

0.3 

2.3 




* n is the number of molecules of substrate required to combine with one molecule of 
enzyme to form the inactive complex ESn. (15) 


emphasizes the importance of rigid control of experimental conditions. It 
would seem desirable to make experimental determinations at salt concentrations 
most likely to exist physiologically. 

SUMMARY AND CONCLUSIONS 

The inhibition of cholinesterase of human plasma by chloroquine, quinacrine 
(atabrine), plasmochin, quinidine, quinine and paludrine tvas measured at 
varying concentrations of substrate and of inhibitor. Dissociation constants for 
enzyme-substrate and enzyme-inhibitor complexes were determined. The 
first four drugs exhibited typical competitive inhibition; paludrine, a combination 
of competitive and non-competitive; quinine failed to fit the theoretical curves. 

The dissociation constants of red cell enzyme-substrate complex ( ES ) and 
of the inactive complex ( ES „ ) were determined to be 2.1 X 10 -4 and 1.5 X 10 
respectively. It was established that in the inactive complex n equals 2. 

The inhibition of cholinesterase of erythrocytes by the same drugs in varying 
concentrations was measured at optimal substrate concentration (0.0033/). 
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tered in the food or in the drinking water for the last 12 to 16 days of the experiment. On 
the last day of study, radioactive iodine was administered intraperitoneally . The animals 
were sacrificed four hours later. Their thyroids were removed, weighed on a torsion balance 
and placed separately in 3 cc. of 2% NaOH for digestion. 

Three-day old chicks were fed chick starter mash containing the test substances in con- 
centrations of 0.1 to 0.5 per cent for 12 to 14 days. On the last day of each experiment radio- 
active iodine was administered subcutaneously. The animals were sacrificed four hours 
later. Their thyroids were removed, weighed and placed in individual bottles containing 
3 cc. 2% NaOH. 

The radioactive iodine used was the 8-day isotope, I 1 * 1 . It was administered in a dose of 
2 microcuries with 2 micrograms of carrier iodine as sodium iodide. The radioactivity was 
determined as previously described (5). The activity of each digestion mixture was com- 
pared with the radioactivity contained in a standard solution prepared at the time of injec- 
tion of the radioactive iodine. 

The chemical compounds studied included thiouracil, 6-propylthiouracil, 6-benzylthio- 
uracil,2-aminothiazole,5-aminothiadiazole-2-thiol (TC-68),3-(phenylaminomethyl)-thiazoli- 
dine-2-thione (TC-105) and potassium thioeyanate. These agents were chosen either be- 
cause of their effectiveness as goitrogens or because of some unusual reaction, e.g., potas- 
sium thiocyanate, the goitrogenic effect of which is prevented by the co-administration of 
iodine. 

Results. Observations from two separate groups of experiments on rats 
carried out independently in two different laboratories are recorded in Table I. 
Results are tabulated under the following headings: Absolute thyroid weights, 
thyroid weights per 100 grams of body weight, per cent of administered radio- 
active iodine collected by thyroids, radioactivity in microcuries per milligram of 
thyroid tissue, and per cent of control collection, calculated on a basis of micro- 
curies per milligram of thyroid weight. 

Comparison of results obtained in the two laboratories indicate quantitative 
as well hs qualitative similarity. Within each group of experiments, thiouracil, 
TC-68 and TC-105 were observed to be equally goitrogenic especially when 
calculated on a body weight basis. Likewise, these same agents were found to 
be qualitatively similar in their effects on the collection of labelled iodine. On 
a quantitative basis TC-105 appeared to exert a more effective block to the uptake 
of radioiodine than did the other two agents. Aminothiazole when administered 
at the same dose level as thiouracil, TC-68 and TC-105 had less goitrogenic 
activity. It also exerted a much less effective block to the uptake of radioactive 
iodine. 

Potassium thiocyanate administered in the food or drinking water in concen- 
trations just below toxic levels, was considerably less goitrogenic than thiouracil, 
TC-68 or TC-105. In one experiment goiters produced by this drug were found 
to concentrate a greater per cent of the administered labelled iodine than did the 
controls. However, when calculated on the basis of unit mass of thyroid 
tissue, these goiters collected only 63% as much radioiodine as did the control 
thyroids. In the second experiment with potassium thiocyanate this agent was 
found to be much less active as a goitrogen. In this group of animals, though 
there was a less effective block to the collection of radioactive iodine than that 
produced by the other agents used, these goitrous thyroids collected less of the 
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Tracer studies with radioactive iodine have been used by several investigators 
in studying certain chemical compounds having goitrogenic activity. Eawson, 
Tannheimer and Peacock (1) observed in the rat that goiters produced by chronic 
administration of thiouracil collected less radioiodine than did the thyroids of 
controls, whereas thyroids made goitrous with potassium thiocyanate trapped 
a greater proportion of the injected iodine. Franklin, Lerner and Chaikoff (2) 
obtained similar results with thiouracil in the intact rat but demonstrated by in 
vitro studies (3) that while surviving sheep thyroids absorb radioiodine from 
a Ringer-bicarbonate medium containing thiourea, thiouracil or allyl thiourea, 
little or none of the absorbed iodine was converted into diiodotyrosine or thy- 
roxine as occurred in control experiments when goitrogenic compounds were 
absent from the medium (4). However, using the same in vitro technics, 
Franklin, Chaikoff and Lerner (3) found that thyroid slices failed to collect radio- 
iodine in the presence of potassium thiocyanate. 

Thyroids of chicks treated chronically with thiouracil were shown by Larson, 
Keating, Peacock and Rawson (5) to be resistant to the uptake of injected radio- 
iodine. They found also (6) that a single injection of five milligrams or more of 
thiouracil produced an effective block to the collection of iodine lasting up to six 
hours. 

We have used the radioactive iodine technic for comparing certain goitrogenic 
compounds varying considerably in chemical structure and in antithyroid activ- 
ity as measured hy other means (7, 8). This report deals with the collection of 
radioiodine administered to rats and chicks made goitrous by feeding these 
chemical agents. 

Methods. Twenty-six to twenty -eight day old rats were maintained on iodine deficient 
diets for varying periods of time, 12 to 55 days. The goitrogenic compounds were adnnnis- 

1 The radioiodine used in this investigation was supplied in part by the Isotopes Office, 
Clinton Laboratories, Monsanto Chemical Co., Knoxville, Tenn., and obtained on allocation 
by the U. S. Atomic Energy Commission. 
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trols. TC-105 and TC-68 administered in concentrations just below the toxic 
levels were found to be only moderately goitrogenic, and in the time interval 
studied, to exert no block to the collection of radioiodine. Indeed, when the 
radioiodine collection was calculated on the basis of radioactivity concentrated 
per milligram of thyroid tissue, chicks treated with these agents were found to 
collect more iodine than did their controls. Potassium thiocyanate in a concen- 
tration of 0.3% in the diet was found to be a veiy effective goitrogen in the cock- 
erel. The per cent of administered iodine collected by these goiters was 
considerably greater than that collected by the control thyroids. However, 
when calculated on the basis of radioactivity per milligram of thyroid tissue, 
these thyroids concentrated 117% as much iodine as did the controls. 


TABLE II 






RADIOIODINE COLLECTION 

NUMBER 
or CHICKS 

DRUG PER CENT IN DIET 

DAYS ON 
DRUG 

AVERAGE 
THTROID WT 

Per cent dr S E. 
mean of adm. 
radioiodine 

Micro- 
curtes per 
mgm 
thyroid 

Per cent 
of control 
uptake 
per mgm 
thyroid 

9 

Controls 


mgm 

5 41 ±0 81 

5 1 ±0 51 

0 019 


17 

0 2% thiouracil 

12 

16 2 ±2 72 

2 9 ±0 54 

0 0036 

18.8 


0 1% piopyl TU 

12 

16 6 ±1 33 

2 2 ±0 34 

0 0026 


10 

0 1% benzyl TU 

12 

13 2 ±1 10 

0 9 ±0 45 

0 0014 

7 3 

20 

0 5% aminothiazole 

12 

7 2 ± 54 

12 3 ±0 79 

0 034 

181 6 

20 

0 1% TC-105* 

12 

10 4 ± 78 

12 0 ±1 98 

0 023 

122 1 

n 

Controls 


8 S ± 56 

10 9 ±0 84 

0 024 

100 0 

■9 

KSCN 0 3% 

14 

19 9 ±2 79 

27 9 ±2 18 

0 028 

117 0 

10 

Controls 


8 8 ± 95 

12 3 ±1 87 

0 028 

100 0 

10 

tc-os o i%t 

14 

10 6 ±3 82 

21 9 ±4 16 

0 041 

146 4 


* TC-105, 3-(Phenylaminomethyl) thiazohdme 2-thione. 
t TC 68, 5 Aminothiadiazole 2-thiol. 


Discussion. Radioactive iodine technics have been used in comparing the 
effects of seven goitrogenic agents on the natural avidity of thyroid tissue for 
iodine. 

Iodine uptake by the thyroid, estimated from radioactivity measurements, is 
based on the assumption that injected labelled iodide is not materially diluted 
by iodide of body fluids and that radioactivity measurements represent pro- 
portional amounts of total iodide injected. Such error as does enter is fairly 
constant from one experiment to another. 

In the rat, thiouracil, TC-68 and TC-105 have been observed to have pro- 
nounced and almost identical goitrogenic activity. They also inhibit very effec- 
tively the avidity of the thyroid for iodine. Although they do not differ greatly 
in iodine blocking capacity, this inhibiting action is most pronounced with 
TC-105, followed closely by thiouracil and TC-68. Aminothiazole, which has 
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administered labelled radioactive iodine than did their controls. Calculated on 
the basis of radioactivity per unit mass of thyroid tissue, the thyroids of these 
rats concentrated 46% of that collected by the controls. Since it has been 
adequately demonstrated that the goitrogenic effect of potassium thiocyanate 
can be prevented by iodine, it seems quite possible that the differences obtained 
in these two studies can be explained by the fact that the first group of animalf 
were maintained on an iodine-deficient diet estimated to contain about one-hals 
as much iodine as that contained in the diet used in the second series and for a 
total of 55 days versus a total of 26 days in the case of the latter group. 

Observations made in cockerels fed these drugs for 12 to 14 days are recorded 
in Table II. The results are tabulated under the following headings: Thyroid 


TABLE I 


nuit- 

Cer 

OF 

RATS 

DRUG PER CENT IN FOOD 

DAYS 

ON 

DIET 

DAYS 

ON 

DRUG 

THYROID WEIGHT 

RADIOIODINE COLLECTION 

Mgm ± S E.M. 

Mg. 

per 

100 

gm. 

rat 

Per cent db 

S E3f. of 

administered 

radioiodine 

Micro- 
cunes per 

thjroid 

Uptake 
per cent 
of control 
per mgm 
thjroid 

16 

Control 


55 


13 7 ±0.66 

10.3 

27.6 ±1.9S 

0.0425 


16 

Thiouracil 

2% 

55 

15 

44 6 ±1 91 

32 3 

2 1 ±0.42 


2 2 

IS 

TC-6S* 

.2% 

55 

15 

44 3 ±2 50 

31.5 

l 

RSS$[| 

8.1 

17 

TC-105t 

2% 

55 

15 

44.7 ±2 11 

34 1 




16 

Aminothia- 

2% 

55 

15 

31 4 ±1 S6 

24 7 



■ 


zole 









16 

KSCN .25% 


55 

15 

26 8 ±2 5 


34 9 ±2 58 

■miwiy-a 

63 3 


(HjO) 









10 

Control 


26 


10 6 ±0 3 

9 2 

12 3 ±0 9 

0 0231 

100 0 

9 

Thiouracil 

.1% 

26 

16 

44 4 ±2 7 

32 5 

4 2 ±0 4 

0 0019 

S.3 

9 

TC-68 

1% 

26 

16 

46 5 ±1 7 

34 7 

5 9 ±0 6 

0 0025 

10 9 

9 

TC-105 

1% 

26 

16 

43 0 ±2 1 

31 7 

2 2 ±0 2 

0 001 

4 4 

10 

KSCN 

25% 

26 

16 

18 1 ±1 3 

11 5 

9 7 ±1 3 

0 0107 

46 4 


* TC-68, 5-Ammothiadiazole-2-thioI. 
t TC-105, 3-(Phcnylaminomethyl)-thiazolidine-2 thione 


weight, per cent of administered radioiodine collected by the thyroids, uptake 
per milligram of thyroid tissue in microcuries of radioactivity, and per cent of 
control uptake on the basis of microcuries per milligram of thyroid tissue. 

It was observed that thiouracil when administered in a concentration of 0.2% 
in the diet had a goitrogenic effect about equal to that of pi opyl thiouracil and 
benzylthiouracil when administered in concentrations of 0.1% in the diet. 
Goiters produced by these agents were found to have a markedly decreased 
avidity for radioactive iodine. From these observations benzjdthiouraeil appears 
to be more effective in blocking the collection of iodine than do the other agents. 
Aminothiazole when administered in a dose of 0 5% in the diet had very little 
goitrogenic activity. However, thyroids of chicks fed this agent were observed 
to concentrate 181% as much radioiodine per milligram of tissue as did the con- 
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thiouracil, 5-aminothiadiazole-2-thiol (TC-68), 3-(phenylaminomethyl)-thia- 
zolidine-2-thione (TC-105), aminothiazole and potassium thiocyanate. 

In the rat, thiouracil, TC-68 and TC-105, all highly goitrogenic over the period 
of treatment, produced effective blocks to the collection of iodine. Amino- 
thiazole was less effective in its blocking action. Goiters produced by KSCN 
absorb approximately the same amoimt of injected radioiodine as do thyroids of 
untreated controls but somewhat less per milligram of thyroid tissue. 

In the chick, goiters due to thiouracil and its analogs, benzylthiouracil and 
propylthiouracil, collect much less iodine than controls. Enlarged thyroids from 
chronic treatment by aminothiazole, TC-68, TC-105 and KSCN had a greater 
than normal avidity for radioiodine. 
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less goitrogenic activity, has likewise less inhibiting effect on the thyroid’s avidity 
for iodine. 

In contrast to the action of thiouracil, TC-68, TC-105 and aminothiazole, 
potassium thiocyanate is weakly goitrogenic in the rat. Likewise uptake of 
iodine per unit thyroid weight is only slightly less than that of untreated controls. 
These results are in good conformity with those obtained earlier by Lawson, 
Tannheimer and Peacock (1) when their observations are calculated on the basis 
of unit of radioiodine uptake per unit mass of thjToid tissue. 

Collection of radioiodine by potassium thiocyanate-treated rats is quite differ- 
ent from that observed by Franklin, Chaikoff, and Lerner (3) who observed that 
thyroid slices in vitro fail to absorb radioiodine if this agent is contained in the 
nutrient medium in .01 M concentration. In a subsequent in vivo study, Wolff, 
Chaikoff, Taurog and Rubin (9) observed that the iodine-concentrating capacity 
is depressed in rats treated with KSCN, provided high concentrations of the 
compound are present in the circulation at the time of administering radioiodine. 
They found also that the enlarged thyroid of the KSCN-treated rat had a greater 
than normal capacity for iodine provided KSCN could no longer be demon- 
strated in the plasma. Randall and Rawson (10) have found a diminished 
capacity of rats’ thyroids for collecting radioiodine, one to six hours following 
subcutaneous injection of 10 milligrams of KSCN. This block was no longer 
demonstrable after 12 hours. 

In chicks quite different results were obtained with some of the drugs studied. 
Goiters produced by thiouracil, propylthiouracil and benzylthiouracil handle 
iodine as do goiters produced by thiouracil in the rat. The iodine-blocking action 
of these compounds was greatest with benzylthiouracil followed by propyl- 
thiouracil and thiouracil. Goiters produced in the chick with TC-68 and TC-105, 
both of which effectively inhibit iodine collection in the rat, have a greater than 
normal avidity for iodine. 

These observations might lead one to believe that these goitrogenic agents in 
this species act through different mechanisms than prevail in the rat or that they 
undergo some chemical transformation in the chick. Aminothiazole which was 
observed to have very little goitrogenic activity in the cockerel appears to aug- 
ment by a considerable degree the chick thyroid’s avidity for iodine. This obser- 
vation is also different from that observed in the rat. In the chick, KSCN was 
observed to be a very effective goitrogen. However, the goiters which resulted 
from administering this agent manifested no block to the collection of iodine. 
Indeed, these thyroids collected 117% as much iodine per unit mass of tissue as 
that collected by the controls. Apparently the inhibitory action of KSCN on 
thyroxine synthesis (9) is more pronounced during chronic administration of this 
drug than its inhibitory effect on iodide absorption (11). 

CONCLUSIONS 

The capacity of the thyroid gland to collect radioiodine has been studied follow- 
ing chronic treatment of rats and chicks with thiouracil, benzylthiouracil, propyl" 
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(phenylaniinomethyl)-thiazolidine-2-tliione (TC-105), 2-aminothiazole and po- 
tassium thiocyanate. Selection of these agents was based in part on considerable 
laboratory experience involving various other techniques and in part on the basis 
of a wide range of goitrogenic potency as judged from chronic feeding tests (5). 

Methods. Rais. Female rats of the Sp ra gu e -D awl ej- strain were used throughout the 
study. These rats at the beginning of each study were between 26 and 28 days old. In 
order to create a greater absorptive capacity of the thyroid gland for injected iodine, the 
animals were maintained on a low iodine diet for 4 to 8 weeks prior to treatment with the 
goitrogenic drug. On the day of each experiment, rats were divided into groups of 8 to 11 
animals and injected subcutaneously with varying amounts of the test compounds sus- 
pended in 1 cc. of a 10 per cent solution of acacia. At intervals of one hour, eight hours, 
twenty-four hours and in some cases, forty-eight hours, groups were injected intraperi- 
toneally with 1 cc. of a solution of sodium iodide containing 2 microcuries of I m (the 8-day 
half-life radioactive isotope of iodine), and 2 micrograms equivalent of iodine as carrier. 
Uniformly, animals were sacrificed four hours after injecting the radioiodine. Thyroids 
were removed, weighed and placed in vials containing 3 cc. of a 2 per cent solution of sodium 
hydroxide. The per cent uptake of administered radioiodine by the thyroids was calculated 
from radioactivity measurements of aliquots of digested thyroid tissue and of appropriate 
volumes of the original solution injected. In each experiment the per cent of radioiodine 
collected by experimental animals was compared to that collected by the untreated controls 
and was expressed as per cent of the control uptake of radioiodine. 

Chicks. Day-old sex linked cockerels were placed in brooders and maintained on chick 
starter mash for three days. Beginning on the fourth day each chick received by subcuta- 
neous injection, 0.5 unit (Junkmann-Schoeller) of thyrotropic hormone for three successive 
days. On the following day, chicks were divided into groups of 10 to 20 animals and injected 
subcutaneously* with varying amounts of the goitrogenic drugs suspended in 1 cc. of 10 per 
cent acacia solution. 

In the first series of experiments the minimal dose necessary to produce a maximum block 
to the collection of iodine was determined. The “maximum block” was arbitrarily defined 
as 10 per cent or less of the control uptake. This minimal dose was determined by adminis- 
tering acacia suspensions of the test drugs in varying amounts by subcutaneous injection on 
the fourth day after beginning treatment with thyroid stimulating hormone. One hour 
later all animals received one-half cubic centimeter of a solution containing 2 micrograms 
of iodine as sodium iodide and 2 microcuries of radioactive iodine, I ul . All animals were 
sacrificed 4 hours after administration of the radioactive iodine. Their thyroids were 
removed by block dissection and placed in 3 cc. of 2 per cent sodium hydroxide solution for 
digestion. The radioactive iodine collected by each thyroid was calculated by determining 
the radioactivity in aliquots of each digest and comparing it with the activity contained in 
a standard taken from the solution of radioactive iodine prepared for injection. The per 
cent of the control uptake was determined by dividing the per cent of radioiodine collected 
by the test animals’ thyroids by that per cent of iodine collected by the control chicks’ 
thyroids. 

In the second series of experiments the duration of block to the collection of iodine by the 
minimal effective dose was determined. Chicks used in this study were also treated with 
0.5 Junkmann-Schoeller unit thyroid stimulating hormone for three successive days. On 
the fourth day all test animals received what had been previously determined to be the mini- 
mal effective thyroid-inhibiting dose of drug in a 1 cc. suspension of 10 per cent acacia solu- 
tion by the subcutaneous route. Groups of 10 to 20 chicks received radioactive iodine as 
described under the first series of experiments at one, six, twelve and twenty-four hours after 
injecting the drugs. Controls received radioactive iodine at one and 24 hours after the 
assay animals had been injected with the test agent. All animals were sacrificed four hours 
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With radioiodine tracer techniques, it has been demonstrated by Rawson, 
Tannlieimer and Peacock (1), Franklin, Lerner and Chaikoff (2) and Larson, 
ICeating, Peacock, and Rawson (3), that the oral administration of thiouracil to 
rats and chicks for periods of several days results in a marked reduction in the 
natural capacity of thyroid tissue to concentrate iodine. Recovery from this 
block to the iodine-concentrating mechanism varied between the rat and chick 
experiments but apparently was complete in from 24 to 48 hours. In another 
study, Larson, Keating, Peacock and Rawson (4) demonstrated that a single 
subcutaneous injection of 10 mgm. of thiouracil markedly inhibited the collection 
of radioiodine by the chick thyroid. The effect of this dose of thiouracil per- 
sisted for 12 hours but was largely dissipated in 48 hours. These investigators 
also demonstrated that the degree of inhibition to radioiodine collection by the 
thyroid, produced by administering varying doses of thiouracil, diminished with 
decreasing amounts of thiouracil and varied as a linear function of the logarithm 
of the dose. These experiments suggested that this technic might be employed 
in quantitating the antithyroid properties of other goitrogens both as to their 
immediate effectiveness and as to their duration of action. 

In the experiments being reported, iodine collection by the thyroid was deter- 
mined in rats and cockerels following single subcutaneous injections of sus- 
pensions of several goitrogenic drugs administered in varying amounts. The 
duration of block to the collection of iodine produced by the injection of these 
agents was determined by administering tracer doses of radioiodine in the rat at 
one, eight, twenty-four, and in some cases, forty-eight hours after injecting the 
test agent; in the chick at one, six, twelve and twenty-four hours after adminis- 
tering the drug. 

With this method of study, the anti-thyroid activity of several compounds was 
quantitated. The compounds used were thiouracil, 6-n-propyltliiouracil, 6- 
benzylthiouracil, G-methylthiouracil, 5-aminothiadiazole-2-thiol (TC-68), 3- 

1 The radioiodine used in this investigation was supplied in part by the Isotope Office, 
Clinton Laboratories, Monsanto Chemical Company, Knoxville, Tennessee, and obtained 
on allocation by the U. S. Atomic Energy Commission. 
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the 0.25 mgm. dose level. The duration of action of TC-OS appeared to be 
definitely less than that of thiouracil. 

TC-105 in chronic rat experiments was estimated to have a goitrogenic activity 
of approximately one and one-lialf times that of thiouracil. However, its acute 
effect on the collection of radioiodine by the rat’s thyroid was considerably less 
than that exerted by thiouracil. One milligram was required to produce a block 
equivalent to that caused by 0.25 mgm. thiouracil at one hour (table 3). Figure 
1 shows graphically the effect of diminishing doses of the various antithyroid 


TABLE 1 


VO OF 
RATS 

DRUG 

1 

DOSE , 

HOURS AT 
TER DRUG, 
AD- 
MINIS- 
TERED 

RATIO PER CENT I m COLLECTION, 
EXPERIMENTAL TO CONTROLS, SEM 

PER CENT 
OP CON 
TROL UP- 
TAKE 



mgrt 




8 

Thiouracil 

5 0 

1 

02± 03 / 5 6 ± 5 

3 6 

8 

(( 

5 0 

8 

03± 02/ 56± 5 

5 4 

8 

<1 

5 0 

24 

2 1 ± 5 / 56± 5 

37 5 

8 

Cl 

1.0 

1 

0 7 ± 07 / 11 0 ± .2 

6 4 

10 

II 

0 5 

1 

2 1 ± 3 / 30 5 ±1 7 

6 9 

9 

II 

0 5 

S 

2 2 ± 2 / 30 5 ±1 7 

7 2 

9 

Cl 

0 25 

1 

6 2 ± 7 / 24 7 ±3 3 

25 1 

9 

Cl 

0 25 

8 

6 5± 8 / 24 7 ±3 3 

26 3 

10 

6-n-Propyl -Thiouracil 

0 5 

1 

1 1 ± OS / 12 3 ± 9 

S 9 

11 

II 

0 5 

8 

1 0 ± 07 / 12 3 ± 9 

S 1 

9 

if 

0 25 

1 

1 9 ± 2 / 24 7 ±3 3 

7 7 

9 

41 

0 25 

8 

2 1 ± 2 / 24 7 ±3 3 

S 5 

9 

41 

0 12 

1 

1 1 ± 08 / 10 S ± 9 

10 2 

9 

41 

0 12 

8 

0 S ± 03 / 10 8 ± 9 

7 4 

9 

44 

0 12 

24 

2 1± 2 / 10 8 ± 9 

19 4 

10 


0 06 

1 

1 2 ± 04 / 10 S ± 9 

11 1 

10 

“ 

0 06 

S 

1 4 ± 13 / 10 S ± 9 

12 9 

10 

44 

0 06 

24 

4 3 ± 9 / 10 8 ± 9 

39 S 

10 

44 

0 06 

48 

57±7/42± 4 

136 0 

10 

14 

0 03 

1 

3 0± 1 / 10 S ± 9 

27 7 

10 

11 

0 03 

8 

4 5± 1 /10S± 9 

41 6 


compounds studied on the collection of radioiodine administered one hour after 
injecting these agents. 

Chicks. In general, all of the agents tested exerted some inhibitory effect to 
the collection of iodme by chick thyroids In most instances the minimal effec- 
tive dose was considerably greater than that observed in rats (see table 4 and 
figure 2). 

Thiouracil and propylthiouracil were equally effective, the minimal effective 
dose of each being 5.0 mgm. in contrast to 0 5 and 0 OG mgm respectively in the 
rat. Benzylthiouracil was observed to be the most effective agent in blocking the 
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after receiving the radioiodine. The thyroids of these chicks were removed and digested in 
2 per cent sodium hydroxide solution. The per cent of injected radioiodine collected by the 
thyroid of each chick was determined as described above. The per cent of the control up- 
take was also calculated as described above. The one-hour, six-hour and 12-hour groups 
were compared to the controls killed with the one-hour group. The 24-hour groups were 
compared to the controls sacrificed at the same time. 

Results. Rats. In tables 1 to 3 are shown the number of rats per group, the 
compound injected, the amount administered, the time interval between injection 
of the compound and administration of radioiodine, the ratio of percentage up- 
take of radioiodine by treated rats to the percentage uptake of parallel control 
groups not treated with goitrogen but given radioiodine on the same day. The 
latter calculation, also expressed on a percentage basis in the last column, gave 
good correlation between experimental data obtained on different groups, which 
on different experimental dates showed wide variations in avidity of their 
thyroids for iodine. 

While the data for thiouracil are limited, it may be observed from table 1 that 
5.0, 1.0, and 0.5 mgm. doses of this compound exerted maximal inhibitor}’ action 
on radioiodine uptake one hour following injection while a dose of 0.25 mgm. was 
only partially inhibitory. Doses of 5.0 mgm. and as low as 0.5 remained effective 
for eight hours but even the larger amount was relatively ineffective after 24 
hours. These results are in good agreement with those obtained by Larson et al. 
on chicks (3). 

Propythiouracil (table 1) and benzylthiouracil (table 2) were considerably 
more active than thiouracil. In the case of each drug, doses of 0.06 mgm. caused 
nearly maximal block which lasted for eight hours and was evident to a consider- 
able degree at the end of 24 hours. Doses of 0.03 mgm. produced at one hour 
approximately a 70 per cent block to the collection of labeled iodine. At 8 hours, 
this block amounted to 50 per cent of the control collection. Inhibition of iodine 
uptake following 0.015 mgm. doses of benzyl thiouracil was transient, disappear- 
ing completely after 8 hours. 

Quantitatively, the results gotten with methylthiouracil were similar to those 
obtained with thiouracil, 0.5 mgm. being the least amount of this which at one 
hour produced more than a 90 per cent block to radioiodine absorption. At the 
next lower dose level (.25 mgm.), methylthiouracil allowed absorption of 15 per 
cent of injected radioiodine at one hour, whereas 25 per cent absorption occurred 
in the case of thiouracil. This difference, while mentioned, is not considered a 
reliable index of dissimilarity between these two compounds. The blocking 
action of 0.5 mgm. methythiouracil was largely dissipated in 24 hours, whereas a 
1.0 mgm. dose exerted a definite effect at this time interval. 

TC-G8, a compound which in chronic feeding studies has been demonstrated 
to be more goitrogenic than thiouracil (5) was found to be less effective in blocking 
the collection of radioiodine following single injections of the drug. Doses of 1.0 
and 0.5 mgm. produced a less effective block than did corresponding amounts of 
thiouracil although differences between the two compounds were less marked at 
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effect. Inhibition of iodide absorption by rat’s thyroids was observed by Vander- 
laan and Vanderlaan following injection of as little as 0.1 mgm. KBCN (6). 
Aminothiazole produced a maximum effect when administered in a dose of 
10 mgm. 

The duration of block to the collection of iodine produced by the previously 
established minimal effective doses of these test agents is recorded in table 5 and 
shown graphically in figure 3. In general, the block to iodine collection was 
maximum at one hour and had begun to show a decreasing effect at 6 hours in the 
case of all agents tested. Escape from the block was complete 24 hours after 


TABLE 3 


NO. OP 
HATS 

DRUG 

DOSE 

HOURS AP- 
TER drug; 
I1H AD- 
LUNIS- 

RATIO PER CENT I 111 COLLECTION, 
EXPERIMENTAL TO CONTROLS, S.E.&L 

PER CENT 
Or CON- 
TROL UP- 
TAKE 










TC-6S* 


1 

0.3 

± .02/ 5.6 ± .-5 

5.4 


It 


8 

1.3 

± .5 

/ 5.6 ± .5 

23.2 

8 

tt 

5.0 

24 

4.7 

± .6 

/ 5.6 ± .5 

83.9 

8 

tt 

1.0 

1 

2.0 

± .09/ 11.0 ± .2 

18.2 

11 

tt 

0.5 

1 

5.6 

± .5 

/ 30.5 ±1.7 

18.3 

10 

tt 

0.5 

8 

8.9 

±1.1 

/ 30.5 ±1.7 

29.2 

9 


0.25 

1 

6.6 

± .6 

/ 24.7 ±3.3 

26.7 

9 

It 

0.25 

8 

15.2 

±1.9 

/ 24.7 ±3.3 

61.5 


TC-105f 

5.0 

1 

3.3 

± .7 

/ 38.4 ±2.5 

8.6 


tt 

5.0 

8 

3.4 

± .3 

/ 38.4 ±2.5 

8.9 


tt 

5.0 

24’ 

14.9 

±1.7 

/ 38.4 ±2.5 

38.8 


tt 

1.0 

1 

2.5 

± .2 

/ 11.0 db .2 

22.7 

11 

it 

0.5 

1 

9.6 

±1.3 

/ 30.5 ±1.7 

31.4 

10 

it 

0.5 

8 

8.6 

± .2 

/ 30.5 ±1.7 

28.2 

9 

It 

0.25 

1 

16.0 

±2.0 

/ 24.7 ±3.3 

64.8 


* TC-68, 5-Aminothiadiazole-2-thiol. 
t TC-I05, 3-(Phenylaminomethyl)-thiazolidrae-2-thione. 


administering either 5 mgm. of thiouracil, 5 mgm. of propylthiouracil or 0.5 mgm. 
of benzylthiouracil. Twenty-four hours after administering either 10 mgm. of 
TC-105, 5 mgm. of TC-68, 10 mgm. of aminothiazole or 10 mgm. of potassium 
thiocyanate, there still existed a partial block to the collection of iodine. It is 
interesting that aminothiazole, a relatively weak antithyroid compound in a dose 
of 10 mgm., exerted in the neighborhood of a 50 percent block to the collection 
of iodine at the end of 24 hours. 

Discussion. One antithyroid effect of certain goitrogens has been quantita- 
tively compared by determining the capacity of these agents in varying doses to 
inhibit the collection of iodine by the thyroids of rats and cockerels. In the rat, 
it has been observed that benzylthiouracil and propythiouracil have an anti- 
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collection of iodine by the chick thyroid. The minimal effective dose of this 
agent in the chick was 0.5 mgm., one-tenth as great as that of thiouracil and 
propylthiouracil. The minimal effective dose of TC-68 was 5.0 mgm., the same 
dose as that which produced the maximum effect in the rat. TC-105 in a dose of 


TABLE 2 


NO. OP 
RATS 

DRUG 

DOSE 

HOURS AP 
TER DRUG 
AD- 
MINIS- 
TERED 

RATIO PER CENT COLLECTION, 

EXPERIMENTAL TO CONTROLS, S.EaM 

PERCENT 
OP CON- 
l . T 20 Z UP- 
TAKE 



mgm . 


1 



10 

G-Benzyl Thiouracil 

0.25 

24 

0.9 ± .12/ 5.7 ± .4 

15.8 



0.12 

1 

0.4 ± .04/ 5.7 ± .4 

7.0 



0.12 

8 

0.5 ± .06/ 5.7 ± .4 

8.8 



0.12 

24 

0.9 ± .06 / 5.7 ± .4 

15.8 



0.12 

4S 

4.8 ± .7 

/ 4.2 ± .4 

114.0 



0.06 

1 

0.7 ± .05/ 5.7 ± .4 

12.3 



0.06 

S 

0.5 ± .03/ 5.7 ± .4 

8.8 



0.06 

24 

2.1 ± .3 

/ 5.7 ± .4 

36.9 



0.06 

48 

5.4 ± .5 

/ 4.2 ± .4 

129.0 



0.03 

1 

1.6 ± .2 

/ 5.7 ± .4 

28.1 



0.03 

S 

2.0 ± .2 

/ 4.2 ± .4 

47.7 



0.03 

24 

3.0 ± .3 

/ 4.2 ± .4 

71.5 



0.03 

48 

5.2 ± .7 

/ 4.2 ± A 

124.0 



0.015 

1 

0.9 ± .09/ 4.2 ± .4 

21.4 



0.015 

8 

3.8 ± .4 

/ 4.2 ± .4 

90.5 



0.015 

24 

4.1 ± .3 

/ 4.2 ± .4 

97.6 

9 

6-Metli3'l Thiouracil 

1.0 

1 

1.1 ± .1 

/ 19.1 ±1.4 

5.8 



1.0 

S 

1.8 ± .3 

/ 19.1 ±1.4 

9.4 



1.0 

24 

6.7 ± .8 

/ 12.4 ±1.6 

54.0 



0.5 

1 

1.4 ± .1 

/ 19.1 ±1.4 

7.3 



0.5 

S 

2.5 ± .4 

/ 19.1 ±1.4 

13.1 



0.5 

24 

10.6 ±1.1 

/ 12.4 ±1.6 

85.4 



0.25 

1 

3 7 ± .4 

/ 25.4 ±3.2 

14.6 



0.25 

8 

5.2 ± .5 

/ 25.4 ±3.2 

20.5 



0.25 

24 

17.4 ± .3 

/ 19.1 ±2.6 

91.1 



0.12 

1 

6 6 ±1.1 

/ 25.4 ±3.2 

26.0 



0.12 

8 

6.S ± .8 

/ 25 4 ±3.2 

26.7 



0.12 

24 

19.3 ±4.7 

/ 19.1 ±2.6 

101.0 



0.06 

1 

13.2 ±1.4 

/ 25.4 ±3.2 

51.9 



0.06 

8 

10.3 ±1.2 

/ 25.4 ±3.2 

40.6 


_ - 

0.06 

24 1 

21.5 ±2.3 

/ 19.1 ±2.G 

113.0 


10 mgm., failed to produce the block which we had arbitrarily defined as the 
maximum block. However, in a subsequent study of the duration of block, a 10 
mpn. dose of this agent did produce an effective block (see table 5). Potassium 
thiocyanate produced a maximum block to the collection of iodine when given 
in a dose of 25.0 mgm. The dose of 10 mgm. also produced a near maximum 
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TABLE 5 



HOURS Ral ADMINISTERED 

% OP ADMINISTERED I** 1 

% OP CONTROL COLLECTION 

DXUC and dose 

AFTER INJECTION OP THE 

COLLECTED BY THE THYROID 


DRUG 

S.E.U. 


Thiouracil, 5 mgm. 

Control 

13.7 

±2.0 



1 

0.2 

±0.03 

1.6 


6 

1.2 

±0.9 

8.6 


12 

3.6 

±2.0 

26.6 


24 

2.7 

±1.3 

156.0 


Control (24 hrs.) 

1.8 

±1.0 


Propyl thiouracil, 5 

Control 

12.3 

±1.1 


mgm. 

1 

0.4 

±0.08 

3.1 


6 

2.1 

±0.5 

17.3 


12 

10.2 

±1.7 

82.9 


24 

8.0 

±0.7 

123.0 


Control (24 hrs.) 

6.5 

±0.6 

, 

Benzyl thiouracil, 0.5 

Control 

12.3 

±1.1 


mgm. 

i 

0.6 

±0.08 

5.1 


6 

1.4 

±0.3 

11.5 


12 

6.3 

±1.5 

50.8 


24 

7.6 

±0.5 

116.0 


Control (24 hrs.) 

6.5 

±0.6 


TC-105, 10 mgm. 

Control 

34.4 

±3.1 



1 

3.0 

±0.7 

8.6 


6 

12.4 

±1.7 

36.1 


12 

17.2 

±2.7 

49.8 


24 

14.3 

±4.0 

73.5 


Control (24 hrs.) 

19.4 

±3.4 


TC-68, 5 mgm. 

Control 

15.0 

±1.6 



1 

0.2 

±0.04 

1.1 


6 

0.9 

±0.3 

5.9 


12 

15.7 

±1.2 

104.0 


, 24 

10.7 

±2.1 

79.9 


Control (24 hrs.) 

13.6 

±2.0 


Aminothiarole, 10 

Control 

23.7 

±1.6 


mgm. 

i 

1.6 

±0.2 

6.9 


6 

3.6 

±1.0 

15.3 


12 

5.6 

±1.0 

23.6 


24 

7.3 

±0.9 

45.5 


Control (24 hrs.) 

16.0 

±2.2 

KSCN, 10 mgm. 

Control 

23.7 

±1.6 



i 

4.4 

±1.3 

18.5 


6 

9.0 

±1.4 

3S.0 


12 

12.7 

±1.7 

53.5 


24 

14.7 

±2.4 

91.6 

— . 

Control (24 hrs.) 

16.0 

±2.2 
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TABLE 4 


DRUG 

DOSE IN MGM. 

% Of ADMINISTERED I* 11 
COLLECTED BY THYROID 
S.EJt. 

% or control coixrcnov 

Thiouracil* 

None 

44.0 

±4.2 




1.2 

±0.1 

2.7 


5.0 

1.4 

±0.2 

3.2 


1.0 

25.4 

=*58-1 . 

57.7 

1 

0.5 

21.2 

±3.5 

48.2 


0.1 

29.7 

±4.9 

67.5 

Propyl thiouracil 

None 

14.0 

±1.9 



10.0 

0.3 

±0.05 

2.3 


5.0 

1.0 

±0.04 

7.1 


1.0 

3.9 

±0.08 

27.9 


0.5 

4.9 

±1.1 

35.4 


0.1 

7.4 

±1.3 

53.1 

Benzyl thiouracil 

None 

14.0 

±1.9 



10.0 

0.4 

±0.07 

2.5 


5.0 

0.3 

±0.03 

2.3 


1.0 

0.4 

±0.05 

2.5 


0.5 

1.0 

±0.4 

7.1 


0.1 

3.1 

±0.5 

22.2 

TC-68 

None 

18.0 

±3.0 



5.0 

1.4 

±0.4 

7.5 


1.0 

7.0 

±1.3 

.39.0 


0.1 

25.3 

±3.1 

140.0 

TC-105 

None 

16.0 

±2.7 



10.0 

4.8 

±0.8 

30.1 


5.0 

6.9 

±1.5 

43.4 


1.0 

13.1 

±1.1 

82.1 


0.5 

12.2 

±1.7 

76.2 


0.1 

8.2 

±1.1 

51.4 

KSCN 

None 

13.7 

±1.9 



25.0 

0.1 

±0.01 

0.5 


10.0 

1.7 

±1.0 

12.2 


5.0 

1.8 

±0.1 

12.8 


1.0 

6.0 

±0.9 

43.1 


0.1 

13.2 

±1.2 

96.2 

Aminothiazole 

None 

16.0 

±1.5 



10.0 

0.4 

±0.03 

2.3 


5.0 

2.6 

±0.6 

16.4 


1.0 

11.3 

±1.11 

70.8 


0.5 

15.4 

±1.8 

96.8 


0.1 

18.0 

±2.1 

113.0 


* From Larsen, Keating, Peacock and Rawaon. 
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TC-68 and methylthiouracil, escape was clearly evident by S hours. In cockerels 
there was d efini te evidence of escape from the block produced by minim al effec- 
tive doses six hours after administering the test drugs. With the exception of 
aminothiazole the escape was almost complete by 24 hours. 

In comparing the goitrogenic effects of these drugs as observed by Astwood 
and associates (5) with the results herewith reported it becomes apparent that the 
goitrogenic action of these agents is not entirely dependent upon the inhibition to 



Fig. 2 Showing Coi.lection of Radioactive Iodine bv Thyroids of Chicks Injected 
d ith \ arying Doses of Certain Goitrogenic Compounds One Hour Eareier 


iodine collection. Indeed in the light of the observations reported by Albert, 
Rawson, Merrill, Lennon and Riddell (7), who found that most of these goitro- 
genic agents when incubated with thyrotropic hormone, act to increase the 
thyroid stimulating effect, these studies suggest that the goitrogenic action of 
these agents may in part be due to some other mechanism such as an augmenting 
effect on the animals’ own thyroid stimulating hormone. 

It is suggested therefore that the methods herewith described would provide a 
more accurate method of studying the antithyroid activity of various goitrogenic 
drugs. In view of the discrepancies obtained in the two species used in this 
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thyroid effect which is about 10 times greater than that of thiouracil and methyl- 
thiouracil. These figures are consistent with the comparative goitrogenic effects 
of these drugs observed in chronic feeding studies. However, TC-68 and TC-105, 
two agents which in chronic feeding experiments have been observed to be slightly 
more goitrogenic than thiouracil are only about one-tenth as active in inhibiting 
the collection of radioiodine. 

In the chick all of these agents were observed to produce a block to the collec- 
tion of iodine. However, in all instances the dose of drug required to inhibit the 



Fig. 1. Showing Collection of Radioactive Iodine bv Thyroids of Rats Injected 
with Varying Doses of Certain Goitrogenic Compounds One Hour Earlier 

thyroid’s capacity to collect and concentrate iodine in this species was observed 
to be considerablj' greater than that in the rat. 

In the chick, propylthiouracil was no more active than thiouracil whereas 
benzylthiouracil had 10 times greater activity than either thiouracil or propyl- 
thiouracil. TC-G8 had the same degree of activity as thiouracil whereas TC-105, 
potassium thiocyanate and aminothiazole were about one-half as active. 

The duration of effective block produced b 3 T the minimal effective doses of 
these agents in the rat was in the neighborhood of 8 hours, though in the cases of 
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Iii the cockerel, the minimal effective inhibitory doses of all compounds were 
greater than in the rat. Benzylthiouracil was observed to be approximately ten 
times more effective than thiouracil, propylthiouracil and TC-68. TC-105 
aminothiazole and potassium thiocyanate had about one-half the activity of 
thiouracil. The duration of action of minimal effective doses was six hours. 
With the exception of aminothiazole, in all instances escape from the block to 
iodine collection was complete 24 hours after injection of the drug. 

Certain fundamental differences between the iodine-blocking effect and the 
goitrogenic action of these agents are discussed. 

REFERENCES 

1. Raws ox, R. YY'., TannHeimer, J. F., and Peacock, W.: Endocrinol., 34: 245, 1944. 

2. Franklin, A. L., Lerner, S. R-, and Chaikoff, I. L.: Endocrinol., 34: 265, 1944. 

3. Larson, R. A., Keating, F. R., Jr., Peacock, YV., and Rawson, R. YY’. : Endocrinol., 36: 

149, 1945. 

4. Larson, R. A., Keating, F. R., Jr., Peacock, YY’., and Rawson, R. YY'.: Endocrinol., 36: 

160, 1945. 

5. Astwood, E. B., Bissell, A., and Hughes, A. M.: Endocrinol., 37: 456, 1945. 

6. Y’anderlaan, J. E., and Y’anderlaan, YY’. P. ■ Endocrinol., 40: 403, 1947. 

7. Albert, A., Rawson, R. YY’., Merrill, Priscilla, Lennon, Beatrice, and Riddell, 

Charlotte: Endocrinol., 40: 299, 1947; 40: 303, 1947; 40: 361, 1947. 

8. Stanley, M. M., and Astwood, E. B.: Endocrinol., 41: 66, 1947. 



256 


McGINTT, RAWSON, FLUHARTV, WILSON', RIDDELL AND TEE 


study, it seems quite likely' that any agents to be used therapeutically in con- 
trolling thyroid function should be assayed in a similar manner in humans. This 
method has been used by Stanley and Astwood (8). 



Fig. 3 Showing Collection op Radioactive Iodine by Chick Thyroids at Various 
Intervals After Administration of the Minimal Dose of Goitrogen Causing 
Maximal Block to Radioiodine Collection at One Hour 


SUMMARY 

The antithyroid action of several goitrogenic compounds was studied quantita- 
tively by comparing the effect and duration of effect of vniying doses of these 
agents, when injected subcutaneously, on the collection of radioiodine by the 
thyroids of rats and chicks. 

The drugs studied included thiouracil, propylthiouracil, benzyltliiouracil, 
methyl thiouracil, 5-aminothiadiazole-2-thiol (TC-68), 3-(phenylaminomethyl)- 
thiazolidine-2-thione (TC-105), 2-aminothiazole and potassium thiocyanate. 

In the rat, it was observed that propyl and benzyltliiouracil were ten times as 
effective as thiouracil and methylthiouracil in inhibiting the thyroid’s natural 
capacity to collect iodine. The duration of inhibitory action of minimal effective 
doses of these drugs was not materially different. In all cases at least partial 
escape from the drug effect occurred eight hours after administration. 









&et& Hunt 

1S70-1948 

Reid Hunt, Emeritus Professor of Pharmacology at the Harvard Medical 
School died on March 7, 1948 after a long illness. A charter member of the 
American Society for Pharmacology and Experimental Therapeutics, he served 
as its first secretary and third president and continued his active interest through- 
out his life by contributing his wise counsel to the affairs of the Society. 

Doctor Hunt was bom in Martinsville, Ohio April 20, 1870 and received his 
early education in the schools and colleges of his native stateand his baccalaureate 
from Johns Hopkins in 1891. It was during his first stay at the Hopkins that 
he came under the influence of Newell Martin and received the coveted position 
as his student assistant. This influence was to be enduring and throughout 
Hunt’s life his interest in the circulation never flagged. He went from Hopkins 
to Bonn to work with Binz for a year before returning to work for his Doctorate 
in Physiology under Howell; this degree he received from Hopkins in 1896 
simultaneously with the M.D. from the University of Maryland. In the summer 
of 1896 he went to Chicago for chemical study noth Jacques Loeb and Stieglitz. 
While there he isolated a veratrin-like alkaloid from poisonous plants that were 
killing cattle on the Western ranges. In the autumn of this year he became 
Tutor in Physiology at Columbia University. In the next two years he 
completed his study of the cardiac nerves which has remained as a classic in 
Physiology. 

On completion of the two years at Columbia he turned definitely to pharma- 
cology as a career by accepting a position with Abel at Hopkins. Then in 1902 
he went to Ehrlich’s laboratory in Frankfurt where he worked until 1904. This 
time with Ehrlich was very happy and fruitful. He imbibed Ehrlich’s enthusi- 
asm for chemotherapy and began the work on cyanides that was to lead to the 
discovery of the Acetonitrile Test for thyroid activity, later generally known as 
the Reid Hunt Reaction. His work on the activity of thyroid preparations was 
continued after his return from Frankfurt in 1904 to assume the position of Chief 
of the Pharmacological Division of the Hygienic Laboratory. Two very 
important findings grew out of this work: the first demonstration of the presence 
of the thyroid hormone in the blood and the proof that the activity of thyroid 
preparations is proportional to the iodine content thereof. His assumption of 
the post of Chief Pharmacologist at this time was very important for American 
medicine. The enforcement of the Pure Food and Drug Laws rested largely on 
the work performed in his laboratory where the case against patent medicines 
was developed from the scientific point of view. During this period he made his 
brilliant descriptions of the pharmacology and toxicity of methyl and ethyl 
alcohols. These studies became of great importance during the prohibition 
period. 

During his tenure at the Hygienic Laboratory he began his researches on the 
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Various pharmacological actions of amphetamine (benzedrine or phenyl-1- 
propylamine) on the central nervous system (1), on smooth muscle (2), and on 
cardiac and neuromuscular excitability (3) suggested to us that this drug might 
have pharmacological effects on neuromuscular function. A chemical and 
pharmacological similarity between amphetamine and epinephrine suggested 
that amphetamine might also be a de-fatiguing drug. 

The custom of some South American Indians of chewing coca leaves ( Ery - 
throxylum coca) to diminish fatigue is well known. However, the mechanism of 
that effect is not well understood. 

Most of the literature deals with the depressive effect of cocaine on the neuro- 
muscular mechanism: MacGregor (4), Jaco and Wood (5) and Biilbring and 
Bum (6) reported depression from cocaine, although the latter also observed an 
increase in muscle response. 

The reason for combining in one article the results of the study of these two 
drugs was the similarity noted in their effects. 

Method. Cats were anesthetized with nembutal-urethane (nembutal 0.3 grams in 
1 cc. of a 25% urethane solution; 1 cc. per kgm. injected intraperitoneally). The muscles 
studied were the auriculars, the rectus superior of the eye, the gastrocnemius-plantaris- 
soleus, the anterior tibials and quadriceps. Muscles were stimulated to a maximum by 
short pulses of 0.5 milliseconds; frequency was controlled by electronic valves. For in- 
direct stimulation electrodes were shielded silver wires; for direct stimulation steel needles 
were inserted in the muscles and tendons. (Muscles were denervated by aseptic section 
4 to 10 days prior to the experiment.) Direct stimulation was also performed during 
curarization with Intocostrin or beta erythroidine. The leg muscles were fixed by drills 
in the tibia or femur. In studying the facial muscle, the head was held by a Czermak clamp. 

In some experiments the denervated muscles were stimulated by an injection of acetyl- 
choline into the abdominal aorta or into the carotid artery. Doses employed varied from 
4 to 20 micrograms in a volume not exceeding 0.20 cc. 

Muscle contractions were recorded on a kymograph. To determine nerve action poten- 
tials, the sciatic nerve was isolated near the pelvis. The peroneal nerve was cut near the 
fibula and the central end was dissected free for about 3 cm. Stimulations were done at an 
average frequency of 30 per second, with one pair of shielded silver-wire electrodes being 
placed at the pelvic end of the peroneal nerve segment. In order to confine the stimulus 
the popliteal and nerves to the hamstring were cut. Recording electrodes of the Sherring- 

1 Aided by a grant for research from the Ella Sachs Plotz Foundation, Boston, Mass., 
and from the Gildcmcister Foundation, Santiago, Chile. 

Grateful acknowledgment is made to Squibb & Sons, New York, for the Intocostrin 
and to IIoffmann-La Roche, Inc., New Jersey for the Acetylcholine. 
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choline compounds, the idea for which may have been germinating'since his days 
with Abel when he noted the depressor effects of choline in the residues from 
adrenal extracts. His demonstration of the amazing activity of acetylcholine 
led to the prompt identification of Loewi’s “Vagusstoff” as none other than this 
compound and so to our knowledge of the humoral transmission of parasympa- 
thetic impulses. 

In 1913 Doctor Hunt was called to the Professorship of Pharmacology at 
Harvard Medical School and continued in this post until his retirement as 
Emeritus Professor in 1935. Here he completed his work on the cholines and 
studied the quarternary ammonium compounds from the same point of view, 
that of the relation between chemical constitution and physiological action. In 
addition he made notable contributions to the development of pure arsphenamine. 

During this period he was very active in his campaign for a better and more 
intelligent use of drugs in the clinic. A member of the Council on Pharmacy 
and Chemistry of the American Medical Association since its organisation he 
became Chairman in 1925 and held this post until his resignation in 1935. The 
medical profession owes him an immense debt for his sound work on this body 
which under his guidance became the potent force for the ethical exploitation of 
new drugs. At the same time improvements in the United States Pharmacopoeia 
developed under his presidency of the Pharmacopoeial Convention from 1920 to 
1930. During this period he was also a member of the Drug Standardization 
Committee of the League of Nations. 

Doctor Hunt was honored by membership in many scientific societies both 
here and abroad including the National Academy of Sciences, the American 
Academy of Arts and Sciences, the Association of American Physicians, the 
American Chemical Society (of which he was chairman of the Northeastern 
Section), the Leopold Carol Akademie, the Deutsche Pharmakologische Gesell- 
schaft and many others. He was Consultant to the Chemical Warfare Service 
of the United States Army, to the United States Public Health Service and the 
Massachusetts Department of Public Health. 

He was personally shy and modest, tolerant in his opinions but uncompromis- 
ing in his scientific standards. He had no use for sham or overdramatization of 
scientific work. His own experiments were carefully thought out and planned 
in detail and were performed with superb operative technique and skill. He was 
at his best in discussions among small groups where his charm of person and 
personality was potently felt by all who had the privilege of such association. 
Those who knew him will cherish his memory and his life and contributions will 
be a continuing source of inspiration to keep high the standards of American 
pharmacology. 


G. Philip Grabfield 
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the dose of acetylcholine was greater, it produced depression (figs. 1 and 8). 
If amphetamine produced muscular shortening under sub-maximal tension, or 
when maximal tension was subsiding, acetylcholine produced first a contraction 
and then a decrease in the response from amphetamine. 

The action of amphetamine during indirect stimulation was noted. Amphet- 
amine was injected into the abdominal aorta in a dosage of 0.125 to 5 mg. The 
nerves of the quadriceps, anterior tibials and gastrocnemius-plantaris-soleus 
were stimulated to the maximum with frequencies of 0.5 to 60 per second. 



Fig. 2. Action of amphetamine on muscle electrogram of rectus superior of eye (previou 
acute section of 3rd pair). Time: one second. Calibration: 500 microvolts. A is normal 
electrogram of muscle; B is after 10 mg. of intra-arterial amphetamine; and C immediately 
after B and response to 40 micrograms of acetylcholine intra-arterially. 



hie. 3. Action of amphetamine on normal fatigued gastrocnemius-plantaris-soleus 
Frequency of 1.5 per second. Upper signal shows indirect stimulation; middle indicates 
intra-arterial injection of 5 mg. of amphetamine; lower, 1 minute intervals. 

Effects differed according to the frequency and degree of fatigue of the muscle. 
With a low frequency of about 0.5 per second, if the muscle were not fatigued by 
contraction (10) the drug had no effect. If the muscle were fatigued, amphet- 
amine in doses up to 1 mg. produced stronger muscular contractions — an evident 
de-fatiguing effect was observed (fig. 3). When muscles were stimulated with 
higher frequencies, intra-arterial amphetamine always decreased muscular 
contractions (fig. 4). 

the action of amphetamine on direct muscular stimulation was as follows: 
with frequencies of 0 5 to 5 per second, the drug had no effect on unfatigued 
museules, but a clear de-fatigumg effect was produced on a tired muscle (fig. 5) ; 
witli frequencies of more than 10 per second depression of muscular contraction 
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ton type were applied to the dissected peripheral end of the peroneal nerve. Blood vessels 
to the nerve (7) were preserved. Electric responses were recorded from a cathode-ray 
oscillograph. 

Spikes of A fibers were studied with the aid of a five Btage capacity coupled amplifier. 
Alpha wave decrease was used as the criterion of block. Muscle response was recorded by 
placing a concentric electrode (used by Adrian and Bronk (8)) in the body of the muscles. 

Results. A: Effect of Amphetamine. We observed the contractile response 
after amphetamine. When the drug was injected intra-arterially in doses larger 
than 0.5 mg., it produced a contractile response in striated muscles (fig. 1). 



A B C 


Fig. 1 . Action of amphetamine on the rectus superior of the eye (previous acute section 
of 3rd pair) after 40, SO, 40, 40 micrograms respectively of intra-arterial acetylcholine. 
Upper signal denotes injection of acetylcholine; middle, the injection of 5 mg. of intra- 
arterial amphetamine; lower, 60 second intervals. Three minutes between A and B, 10 
minutes between B and C. 

This response was constant in eye muscles, more or less frequent in denervated 
muscles and only observed once in normal muscles. Muscle shortening was 
sluggish and persistent, similar to the effect obtained with veratrine (9). In one 
experiment contraction lasted for about 20 minutes. Amphetamine was in- 
jected while the muscle electric response was recorded and no effect was observed 
(fig. 2). The response to amphetamine is a contracture since there is no ac- 
companying electric response. 

When acetylcholine was injected during amphetamine contracture, two effects 
were observed: if the injection was done when amphetamine had produced the 
maximum contracture, a small dose of acetylcholine was without effect; but when 
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was always observed, more evident when the dose of amphetamine employed 
was greater. Amphetamine in small doses of 0.25 mg. depressed the normal 
muscle indirectly stimulated, and did not have any effect upon the denervated 
muscle directly stimulated, although a larger dose of more than 0.5 mg. decreased 
the response of the latter (fig. 6). 

We also observed the action of amphetamine upon the gastrocnemius-plantaris- 
soleus, quadriceps and auricular muscles stimulated by acetylcholine. Four 
to 10 micrograms of acetylcholine were injected intra-arterially every one or two 


Fro. 6. Action of amphetamine on normal gastrocnemius-plantaris-soleus muscles. 
Frequency of 32 per second. Upper signal shows stimulation; middle intra-arterial injec- 
tion respectively of 0.125 mg., 0 25 mg. and 1 mg. of amphetamine; lower signal indicates 
1 minute intervals. Ten minutes between A, B, and C. Upper record Bhows direct stimu- 
lation of muscles (denerved 8 days prior); lower record shows indirect stimulation in other 
leg. 

minutes; when the muscular response was constant, amphetamine was injected 
one minute before the acetylcholine. The results showed that amphetamine 
increased the response to acetylcholine (fig. 7). If amphetamine per se deter- 
mined the response, muscular shortening induced by acetylcholine was equal or 
less than that existing before the injection of amphetamine (fig. 8). Depression 
might be due to amphetamine contracture. 

Amphetamine, in small or large doses, did not modify the electrogram of 
motor nerves either under maximum or sub-maximum stimulation. 

B: Effect of Cocaine. 

Action of cocaine on the response to indirect stimulation: Cocaine was injected 
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Fig. 4. Action of amphetamine on normal non-fatigued gastrocnemius-filnntnris-spleus. 
Frequency of 10 per second. Upper signal shows indirect stimulation; middle the intra- 
arterial injection of 5 mg. of amphetamine; lower, 1 minute intervals. 



Fig. 5. De-fatiguing action of amphetamine on anteri 
(curarized with intocostrin). Frequency of 1 5 per second, 
stimulation (control period of indirect stimulation shown by 
1.5 mg. of intra-arterial amphetamine; lower, 1 minute intervals. 
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was always observed, more evident when the dose of amphetamine employed 
was greater. Amphetamine in small doses of 0.25 mg. depressed the normal 
muscle indirectly stimulated, and did not have any effect upon the denervated 
muscle directly stimulated, although a larger dose of more than 0.5 mg. decreased 
the response of the latter (fig. 6). 

We also observed the action of amphetamine upon the gastrocnemius-plantaris- 
soleus, quadriceps and auricular muscles stimulated by acetylcholine. Four 
to 10 micrograms of acetylcholine were injected intra-arterially every one or two 


Fig. 6. Action of amphetamine on normal gastrocnemius-plantaris-soleus muscles. 
Frequency of 32 per second. Upper signal shows stimulation; middle intra-arterial injec- 
tion respectively of 0.125 mg , 0.25 mg. and 1 mg. of amphetamine; lower signal indicates 
1 minute intervals Ten minutes between A, B, and C. Upper record shows direct stimu- 
lation of muscles (denerved 8 days prior); lower record shows indirect stimulation in other 
leg. 

minutes; when the muscular response was constant, amphetamine was injected 
one minute before the acetylcholine. The results showed that amphetamine 
increased the response to acetylcholine (fig. 7). If amphetamine per se deter- 
mined the response, muscular shortening induced by acetylcholine was equal or 
less than that existing before the injection of amphetamine (fig. 8). Depression 
might be due to amphetamine contracture. 

Amphetamine, in small or large doses, did not modify the electrogram of 
motor nerves either under maximum or sub-maximum stimulation. 

B: Effect of Cocaine. 

Action of cocaine on the response to indirect stimulation : Cocaine was injected 
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intra-arterially in doses of 0.125 to 4 mg. The nerve was stimulated with fre- 
quencies vatying from 0.5 to 60 per second. Cocaine with a low frequency 
stimulation of less than 10 per second (if contraction fatigue as defined by del 



A B 

Fig. 7. Action of acetylcholine on quadriceps (denerved 7 days prior) before and after 
amphetamine. Upper signal shows intra-arterial injection of 0.5 mg. of amphetamine; 
middle shows intra-arterial injection of 10 micrograms of acetylcholine every 2 minutes; 
lower, 1 minute intervals. Four minutes between A and B. 




Fig. 8. Action of acetylcholine on auricular muscles (denerved 6 days prior). Upper 
signal indicates injection of 1 mg. of amphetamine in carotid artery; middle signal shows 
injection every 2 minutes of 4 micrograms of acetylcholine; lower indicates 1 minute inter- 
vals. Note amphetaminic contracture and depression produced by acetylcholine (injected 
during contracture). 

Pozo (10) were not present) depressed the response, as was reported by Mac- 
Gregor and by Jaco and Wood. Smaller doses of cocaine produced depression 
with higher frequency of stimulation. 

The de-fatiguing action of cocaine described by Bulbring and Bum (6) was 



EFFECTS OF AMPHETAMINE AND COCAINE 


267, 


also confirmed. Short muscles injected with cocaine and under stimulation 
at a frequency between 20 and 60 per second, for a period of 5 seconds of rest, 
showed three types of response. With low doses of 0.125 mg. of cocaine either 
no effect was observed, or a strengthening of muscular contractions appeared 
after a short period of depression of variable intensity (fig. 9). The increased 
response was most apparent during the first stimuli. With doses up to 0.5 mg. 
depression was also observed. Stronger muscular contractions appeared at the 
beginning of tetanus, although at the end a depression was observed (fig. 10). 
With cocaine doses higher than 1 mg., a depression resulted. 



Fig. 9 Indirect interrupted stimulation of auricular muscles at a frequency of 22 per 
second Upper signal denotes injection of 0.125 mg. of cocaine in carotid artery; middle 
indicates 5 seconds of stimulus, 5 seconds of rest; lower, 1 minute intervals. Four minutes 
between A and B. 

Action of cocaine on the response to direct stimulation: When unfatigued gas- 
trocnemius-plantaris-soleus muscles were stimulated with single shocks, cocaine 
injected into the abdominal aorta in doses of 0.25 mg. to 1 mg. did not modify 
the response. When the doses were increased to 5 mg. the drug produced some 
depression. When fatigue appeared and cocaine was injected in 5 mg. doses, 
some increased contraction was noted (fig. 11). At frequencies of 10 to 60 per 
second, the same dose decreased muscle response, and to a greater extent when 
the dose was greater. If a normal muscle, previously eurarized with beta- 
crythroidine, was directly stimulated, cocaine injections brought about the same 
effects as on denervated muscles (fig. 12). 

Action of cocaine on muscles stimulated with acclylcohlinc: The gastroenemius- 
plnntaris-soleus, quadriceps and auricular muscles were used, having been de- 
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nervated 4 to 10 days before the experiment. Acetylcholine was injected intra- 
arterially every two minutes in doses of 4 to 10 micrograms. When the muscular 
responses were constant, cocaine was injected one minute before the acetyl- 
choline. Results showed that cocaine increased or decreased muscle response to 



Fig 10. Indirect stimulation of auricular muscles at a frequency of 20 per second. 
Upper signal denotes injection of 0.50 mg. of cocaine in carotid artery; middle indicates 5 
seconds of stimulus, 5 seconds of rest; lower, 1 minute intervals. Fifty seconds between 
A and B, G minutes between B and C. 



Fig. 11. Direct stimulation at a frequency of 4 per second of gastrocnemius-plantaris- 
solcus, denerved 7 days prior. Upper signal indicates first stimulus; middle shows injection 
of 5 mg. of cocaine into aorta; lower, 10 seconds intervals. Three minutes between A and B. 


acetylcholine, the difference depending on the amount of cocaine employed; 
small doses up to 0.5 mg. increased the response; greater doses of 2 mg. or more 
decreased the response (fig. 13). 

Action of cocaine on nerve action potentials: We also tried to observe the classic 
nerve blockage by cocaine. With stimulation at a frequency of 30 per second 
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Fig 12 Direct stimulation at a frequency of 20 per second of gastrocnemius-plantaris 
soleus (curarized with beta-er> thr online) Upper signal shows period of stimulus; middle, 
the injection of 0 50 mg and I mg of cocaine into abdominal aorta; loner, 10 
second intervals 



UllljtlMi 


................ 

Fig 13 Effect of cocaine on muscular _ contractions induced by atctjlcholinc (quadriceps 
previous! > denen atedt L purr signal denotes injections (45 minutes apart) of 0 5 mg and 
2 mg of cocaine in ahdnmui.il aorta middle si, mis 10 micrograms of accUlcholine injected 
in nbciomuml aorta every 2 minutes, loner, 1 minute intervals ' J 
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during 5 to 10 seconds, with 5 to 10 seconds of rest, depression of the spike was 
observed when doses were higher than 1 mg. After cocaine, the height of the 
spike during the first stimuli was normal but soon decreased (11). 

Action of cocaine on muscle action potentials: Low frequencies of 1 to 5 per 
second were used. The cocaine doses were between 1 mg. and 5 mg. With 
small doses of 1 mg. there was some depressive effect. This effect was greater 
when the dose was larger. A decrease in muscle tension paralleled the action 
potentials. 

Discussion. The effect of amphetamine and of cocaine might be related 
to the axone, to synaptic transmission or to the contractile mechanism. The 
effect of the drugs upon the electrogram of motor nerves was studied in connection 
with the axone; the action of the drugs at different frequencies and muscular 
response to acetylcholine was studied in connection with the synaptic mecha- 
nism; and amphetamine and cocaine was injected during direct stimulation of 
denervated muscles to enable us to study the muscular mechanism. 

Amphetamine had two effects on the neuromuscular system: it both decreased 
and increased function, phenomena fundamentally determined by physiological 
conditions during administration of the drug. These effects had no relation to 
axone conductivity. 

The lack of increase of normal activity of the unfatigued muscle under low 
frequency stimulation demonstrated that amphetamine did not affect the normal 
mechanism, but restored to normal activity the fatigued mechanism. 

During contraction fatigue amphetamine had a de-fatiguing effect. 

Depression seemed to be produced by the administration of amphetamine 
during intense activity of the contractile mechanism. If high muscle tension 
developed (with direct or indirect stimulation, see fig. 6), the drug produced 
depression; if tension was low, no effect was observed unless contraction fatigue 
was present. 

Response to amphetamine per se was more frequently observed in denervated 
muscles than in normal ones, possibly an example of Cannon’s law of denervation 
(12). On the other hand, eye muscles, which are most sensitive to acetylcholine, 
were also most sensitive to amphetamine. 

The tachyphylactic effect of amphetamine on blood pressure is well known 
(2) ; however, tachyphylaxis was not present in the muscle when the contractile 
response or depression during muscle activation was tested. It appears that 
tachyphylaxis does not depend alone on the quality of the drug, but also on the 
effector. 

Similarly to amphetamine cocaine had two effects on the neuromuscular 
system: it both decreased and increased function. The increase in function was 
observed in three groups of experiments: when fatigue was produced by slow 
direct stimulation; when fatigue was produced by slow indirect stimulation; and 
when fatigue was brought about by short tetanus interrupted with rest periods. 
Under these three conditions fatigue was probably related to contraction fatigue. 
Under the latter condition some transmission fatigue might have been present, 
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but contraction fatigue prevailed when a slow frequency of 20 per second was 
used. 

If, as is probable, contraction fatigue was due to exhaustion of energy, the 
action of cocaine would be related to a restoration of energy. This effect is 
quite analogous to the defatiguing action of amphetamine. 

The depressive effect of cocaine appeared under direct or indirect stimulation ; 
intensity depended on the dose and on the frequency of stimulation. With a 
high frequency of 30 to 60 per second, a small dose of cocaine produced intense 
depression; with a single shock only large doses decreased response. 

As was observed with amphetamine, a high tension seemed an important 
preliminary to the appearance of cocaine depression. Depression also might be 
related to the effect of the drug on nerve conduction, but doses necessary to 
depress nerve action potentials, under the experimental conditions, were higher 
than the doses necessary to depress muscle response. 

Effects observed in muscles indirectly stimulated with frequencies of 20 to 30 
per second during an interval of 5 to 10 seconds, with equal rest periods, could 
be similarly explained. 

As a control measure, blood pressure was registered in some experiments. 
Blood pressure modifications were not related to the muscular effects of the 
two drugs. 

The increase in muscle response induced by cocaine did not differ greatly in 
cats with adrenal glands removed. 


SUMMARY 

Cats anesthetized with nembutal were used in studying the effect of amphet- 
amine and of cocaine on action potentials of A fibers, on neuromuscular trans- 
mission and on muscular contractions. No important effect of amphetamine was 
observed upon the alpha waves of the A fibers. 

Amphetamine has a de-fatiguing effect during low frequency stimulation. 
During high frequency direct or indirect stimulation (i.e., during intense activity 
of the contractile mechanism), the drug acted as a depressant. 

The response of denervated muscles to acetylcholine was increased by amphet- 
amine. The drug produced a'contractile response in both normal and denervated 
skeletal muscles. Since this response was not accompanied by action potentials, 
it was a contracture. 

Although amphetamine had a tachyphylactic effect on blood pressure, ap- 
parently it had none on muscular response. 

During indirect muscular stimulation, cocaine acted to increase or decrease 
response. The same effect was produced when a denervated or fully curarized 
muscle was directly stimulated. The more tension developed by the muscle, 
the easier it was to demonstrate depression. Increased response seemed to be 
related to the development of contraction fatigue. Cocaine in small doses in- 
creased the response of denervated muscles stimulated by acetylcholine. With 
large doses a depression resulted. 



272 


J. V. LUCO, C. EYZAGUIRRE AND F. PEREZ 


REFERENCES 

1. Schulte, J. W., Reif, E. C., Bacheh, J. A., Lawrence, W. S., and Tainter, M. L.: 

This Journal, 71 : 62, 1941. 

2. Detrick, L. E., Milltkan, R., Modern, F. S., and Thienes, C. H.: This Journal, 

60: 56, 1937. 

3. GOnther, B.: This Journal, 76: 369, 1942. 

4. MacGregor, D. F. : This Journal, 66: 350, 1939. 

5. Jaco, N. T. and Wood, D. R.: This Journal, 82: 63, 1944. 

6. Bulbring, E. and Burn, J. H.: This Journal, 68: 150, 1940. 

7. Acheson, G. H. and Rosenblueth. A.: Am. J. Physiol., 133: 736, 1941. 

8. Adrian, E. D. and Bronk, D. W.: J. Physiol., 67: 119, 1929. 

9. Bacq, Z. and Goffart, M.: Arch. int. Physiol., 49: 189, 1939. 

10. Pozo, E. C. del.: Am. J. Physiol., 136: 763, 1942. 

11. Lorentb de N6, R.: J. Neurophysiol., 2: 402, 1939. 

12. Cannon, W. B.: Am. J. M. Sc., 198: 737, 1939. 



THE EFFECT OF QUANTITATIVE AND QUALITATIVE PROTEIN 
DEFICIENCY ON TOLERANCE TO EMETINE 

K. GUGGENHEIM and EDITH BUECHLER 
Department oj Hygiene and Bacteriology, The Hebrew Uni versity, Jerusalem 

Received for publication February 26, 1948 

The influence of the nutritional status on drug tolerance seems to be estab- 
lished for many drugs. Particular^ the protein content of the diet appears 
to be of primary importance in determining the susceptibility to poisoning with 
various drugs. Goldschmidt, Vars and Ravdin (1) found with rats and Miller 
and Whipple (2) with dogs, that dietary protein diminishes the extent of the 
liver injury produced by chloroform. High protein diets were found to de- 
crease the toxicity of arsphenamine (Schifrin 3; Messinger and Hawkins 4), 
trinitrotoluene (Himsworth and Glynn 5), p-aminoazobenzene, dimethyl- 
aminoazobenzene (Smith, Lillie and Stohlmann 6) and selenium (Smith and 
Stohlmann 7 ; Anderson, Poley and Moxon 8). Low protein diets were found to 
increase the susceptibility of rats to thiourea (Dicke and Richter 9), alphanaph- 
thylurea (Byerrum and Du Bois 10) and benzene poisoning (Li and Freeman 11; 
Li, Freeman and Gunn 12) . The carcinogenicity of butter yellow also apparently 
depends upon the protein content of the diet (Kensler, Sugiura, Young, Halter 
and Rhoads 13). 

The high toxicity of emetine severely hampers its general and intensive use 
in spite of its great value in the treatment of amoebic infections. Hence knowl- 
edge of the relation of diet to emetine tolerance may be of practical importance 
in the treatment of the disease. Brueckmann and Wertheimer (14) showed that 
protein deficiency lowers the resistance of rats to the drug. The present paper 
reports experiments with rats designed to determine: (1) the effect of various 
levels of dietary protein on emetine tolerance; (2) the r&le played by various 
animal and vegetable proteins in protecting the organism against emetine 
poisoning; (3) the effect of a high protein diet on the susceptibility of protein 
depleted rats to emetine poisoning. 

Methods. AH the rats used were males; after weaning they were put on the experi- 
mental diets listed below in order to test the effect of various levels of dietary protein on 
emetine tolerance (grams per 100 grams ration) : 

J DIET Cl [ DIET Cl | DIET Cl! 

9 
82 
5 
4 

These diets were supplemented with 0.1 mgm. thiamin, 0.2 mgm. riboflavin, 0.1 mgm. 
pyridoxin, 1 0 mgm. calcium pantothenate and 100 mgm. choline chloride per'lOO grams 
ration. Each rat received, twice weekly, 100 I.U. vitamin A and 4 I.U. vitamin D. 
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18 

73 

5 

4 


Casein ... . 
Rice starch 
Olive oil 
Salt mixture 
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In the experiments with qualitative protein deficiency the following protein sources were 
used: egg powder, dried meat, casein, processed soya bean flour, maize flour and peanut 
meal. Egg powder, dried meat, soya bean flour and peanut meal were fat extracted. The 
diets were prepared in the following manner: the various protein sources were incorporated 
in a protein-free basal diet composed of 91 per cent of rice starch, 5 per cent olive oil, 4 
per cent salts, and the above mentioned vitamins, by replacing an appropriate amount of 
starch, so as to make the protein level of each diet 9 grams per 100 grams ration. The high- 
protein diet, containing 36 per cent casein, was prepared in a similar manner. All diets 
were isocaloric. 

After the rats were kept for 4 weeks on our experimental diets, treatment with emetine 
was started. In order to compare the tolerance test — so far as possible — with the course of 
treatment in human amoebiasis, we chose repeated administration of the drug. Each rat 
received daily 0.3 mgm. emetine hydrochloride per 100 grams bod} - weight subcutaneously. 
During the period of treatment the rats were still maintained on their previous diets, unless 
stated otherwise. 

Tolerance was determined by noting the survival time, i.e. the time elapsed from the 
beginning of treatment to the death of the animals from emetine poisoning. 

Results. In our first series of experiments the effect of various levels of 
dietary protein on emetine tolerance was studied. Treatment with emetine 

TABLE 1 


Tolerance to emetine of rats maintained on different levels of dietary protein 


LEVEL OP DIETARY PROTEIN 
(CASEIN) 

NO. OP RATS 

CAIN IN WEICHT CRAMS IN 4 
WEEKS 

SURVIVAL TIME IN DAYS. AVER- 
AGE AND STANDARD DEVIATION 

Per cent 

3 

38 

-3 

11.4 ± 3.4 

9 

30 

+30 

14.3 ± 3.5 

18 

70 

+51 

17.6 ± 3.3 


was started after the rats were maintained for 4 weeks on diets Cj, C 9 , and Ch 
respectively. Table 1 shows the results obtained. 

As can be seen from table 1, low protein diets decrease the resistance to 
emetine. The effect of the different protein levels of the diets correspond, more 
or less, to their growth promoting effect. Statistical treatment of the survival 
times showed, that the three diets employed differed one from another to a 
highly significant degree. 

In our second series of experiments the effects of various food proteins (egg, 
meat, casein, soya, maize, peanut — fed at 9 per cent level) on emetine tolerance 
were compared. All rats were paired fed in groups of 5. The results are shown 
in table 2 . 

It follows from table 2, that protein quality as well as quantity determines 
tolerance to emetine. Among the food proteins investigated the proteins of 
egg and meat rank first. Both are similar in this respect in spite of their different 
growth promoting qualities. Casein and soy bean proteins rank next. It is 
interesting to note, that soy bean protein effects the same degree of emetine 
tolerance as casein despite its decidedly inferior effect on growth. Maize and 
peanut proteins are the least effective against emetine poisoning as well as in 
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their growth promoting efficiency. Statistical treatment of the differences in 
survival time revealed the following facts: egg or meat vs. casein or soya: differ- 
ence significant (probability of the occurrence of the observed mean difference 
in a random sample 1:50). Egg or meat vs. maize or peanut: difference highly 
significant (probability 1:100 or less). Casein or soya vs. maize or peanut: 
difference highly significant (probability 1:100 or less). 

In the last series of experiments we studied the protective value of normal and 
high protein diets, given during the period of treatment to rats previously main- 
tained on a low protein diet (Ca). The results are represented in table 3. 


TABLE 2 

Tolerance to emetine of rats maintained m different food proteins 


TOOD PROTEIN 

( NO OF RATS 

1 

j PROTEIN EFFICI 
CAIN IN WEICHTI ENCV CAIN IN 
! CR VMS IN 4 { WEIGHT PER 

| WEEKS CRAM PROTEIN 

EVTEN 

J ' > 

SURVIVAL TIVIE IN DAVS AVER 
ACC AND STANDARD DEV LVTION 

. 

Egg 

30 

i 34 

2 34 

15 1 

±25 

Meat 

30 

! 2S 

1 93 

15 2 

±28 

Casein 

30 

27 

1 86 

13 7 

±22 

Soi a 

30 

1 19 

1 31 

13 7 

±25 

Maize 

30 

4 

0 2S 

11 0 

±39 

Peanut 

, 30 

o 

0 14 

11 6 

±35 


TABLE 3 


The prolecluc lalue of normal and high piotem diets against emetine poisoning of rats kept for 
4 ueeks on a lou piotem diet (S^c casein) 


LEVEL OP DIETARV PROTEIN (CASFIN) 
DURING PERIOD OP TREATMENT 

NO OF RATS 

SLRMVAL TIME IN DATS. AVERAGE AND 
STAND VXD DEVIATION 

fer cent 



3 

3S 

11 4 ± 3 4 

18 

34 

17 9 ± 3 9 

36 

33 

i 1S.0 ±24 


It can be seen from table 3 that normal or high protein diets, fed during the 
period of treatment, cancel the tolerance depressing effect of the low piotein 
diet given before the treatment No significant diffeience was obtained from 
the use of the two protein levels (18 and 30 per cent). The inciease of the pro- 
tein content of the diet from 18 per cent to 30 per cent did not significantly 
merease the resistance of the animals 

Discussion. Our experiments show , that the nutritional status of rats with 
respect to protein determines to a large degree their tolerance to emetine poison- 
ing Diets containing low protein levels or nutritionally inferior proteins de- 
crease considerably the resistance to the drug. An IS per cent casein diet given 
dining the period of treatment cancels the resistance decreasing effect of a low- 
protein diet given before the treatment. It is interesting to note that a diet 
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containing more than 18 per cent protein, fed during the period of treatment, 
does not increase the resistance to emetine poisoning above that effected by the 
18 per cent protein diet. 


SUMMARY 

(1) Rats maintained on quantitatively and qualitatively different protein 
diets were treated with daily subcutaneous injections of emetine. 

(2) Low protein diets decrease the tolerance to emetine. 

(3) Diets containing nutritionally inferior proteins, fed at 9 per cent level, 
also decrease the resistance to emetine. The protection against emetine poison- 
ing afforded by the proteins investigated was found to decrease in the following 
order: egg, meat, casein, soya bean, peanut, maize. 

(4) A diet containing 18 per cent casein, fed during the period of treatment, 
cancels the tolerance depressing effect of a low protein diet, given before the 
the treatment. 

(5) A diet containing 36 per cent casein, fed during the period of treatment, 
did not endow the animals with additional resistance to emetine poisoning above 
that of the 18 per cent casein diet. 
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Chemical methods for the isolation of the gamma isomer of benzene hexa- 
chloride in tissues and excreta of animals have not yet reached the stage where 
it is possible to determine micro quantities. Furthermore, the existing chemical 
methods do not differentiate between mixtures of the isomers. Considerable 
success attended the development of a biological assay method for DDT (1). 
Application of the same techniques to the determination of the gamma isomer of 
benzene hexachloride is reported herewith. 

Method. With certain modifications to be described, the technique for determination 
of the gamma isomer was based on the bio-assay method for DDT (1). 

Adult house flies, 24 to 36 hours old, were exposed to gamma isomer residues in wide- 
mouthed Erlenmeyer beaker flasks of 250 ml. capacity. The test flask had a flat base, the 
inside surface of which was about 40 (cm.) 5 in area. Upon this surface gamma isomer was 
deposited by evaporation of an ether solution containing either the standard or a tissue 
extract. In the case of the standards it was found necessary to add about 20 mgra. of corn 
oil to each flask to prevent loss of gamma isomer during and subsequent to the evaporation 
of the ether solution. Tissue extracts, with the exception of urine, contributed enough fat 
to make this precaution unnecessary. The teBt flasks with residues were weighed to the 
nearest 0.01 gram, then 100 flies were transferred to each, capped with perforated paper 
closures and again weighed. The flies remained in the flasks overnight for about 20 hours. 
At the end of this time the mortality ratio was determined. All flies still living but too help- 
less to walk or fly were arbitrarily counted as dead. The insects were kept in copper wire 
mesh storage cones and fed with diluted sucrose-sweetened milk until shortly before they 
were transferred to the glass exposure flask. It was found desirable also to feed the flies 
with sugar water at about the midpoint of their exposure period. This expedient served to 
maintain a low control mortality, particular!}- at the higher summer temperatures. Con- 
trol mortality greater than 5 per cent was considered vitiating to a particular assay. 

With each assay four standards and a blank were run. The standard flasks were prepared 
to contain 0, 1.25, 1 .6 and 2.0 micrograms gamma isomer. A regression line was constructed 
relating log dose in mgm. per kgm. flies to “probit kill” according to the method of Bliss (2). 
Calculation of the unknown content of gamma isomer in the tissue extracts were then made 
by reference to the standard regression line. From the results of 22 assays, in which 
standard regression lines were constructed, the average LD 50 for the house fly was 0.72 
mgm. /kgm. of flies with a range of 0.50 to 0.S9. The average slope of the regression line was 
5.05 probits per log dose with a range of 2.2 to S.8. 


1 A portion of the funds used in this investigation was supplied by a transfer from the 
Office of the Surgeon General, War Department, to the Division of Pharmacology of the 
Food and Drug Administration. 

2 Read in part before the American Society for Pharmacology and F.xperimental Thera- 

peutics, Atlantic City, New Jersey, March 191S. 
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All assays were run in duplicate and repeated if they did not check within 25%. Recov- , 
ery of gamma isomer added to tissue was also affected with an accuracy of the same order of 
magnitude. 

In order to study the distribution of toxicant in the tissueB two series of adult rats, 
normal males and castrate females, were fed gamma isomer of benzene hexachloride in con- 
centration of 20, 500 and 1000 p.p.m. in the diet for periods of from 7 to 114 days. The 
gamma isomer was incorporated in the diet in the form of an oil solution and thoroughly 
mixed. No toxic symptoms were noted in any of the animals but it was observed that the 
castrate female rats on 1000 p.p.m. gamma isomer showed a dislike for their diet and tended 
to reduce their food consumption. 

Extracts of the tissues were.made with ether and suitable aliquots evaporated in the test 
flask. In conformity with previous experience (1) certain toxic reactions were elicited by 
the insects when they were exposed to excessive amounts of tissue extractives of liver, kid- 
ney and brain from control animals. It was therefore necessary to limit the size of the 
aliquot, which in turn limited the amount of gamma isomer that could be determined in the 
tissues of experimental animals. It was Bhown in recovery experiments that as long as the 
gamma isomer was present in concentration greater than 0.2 p.p.m. in the tissue, interfer- 
ence from “tissue toxicity” could be avoided. More serious was the interference of fat. 
Excessive amounts of this substance seemed to occlude gamma isomer and render it inacces- 
sible to the fly. Concentrations of gamma isomer lower than 10 p.p.m. in fat were consid- 
ered outside the zone of reliability for bio-assay. 

Results. Before applying the bio-assay test to tissue it was necessary to in 
vestigate its specificity. Flies were exposed to the alpha, beta, delta, and epsilon 
isomers of benzene hexachloride. It was found that it required approximately 
100 to 200 times as much to effect the same kill as with the gamma isomer. In 
addition hepta and octachloro benzenes, which may occur as contaminants in the 
manufacture of benzene hexachloride, were investigated and found to have a 
toxicity of the same order as the hexachloro isomers. The three isomeric tri- 
chloro benzenes, possible degradation products or metabolites of benzene hexa- 
chloride, were also investigated. In this case too the toxicity to flies was of a low 
order. Consideration was given to the possibility of conversion of some of the 
alpha, beta, delta and epsilon isomers in vivo to the gamma isomer. To check 
this, the tissues of rats which had been chronically ingesting these isomers were 
examined. No substance toxic to flies was discovered in the tissues. 

The toxic response of the house fly to the pure gamma isomer was characteris- 
tic. Furthermore, when the insects were exposed to tissue extracts from animals 
which had ingested gamma isomer, their reaction was indistinguishable from that 
caused by pure isomer. Therefore, unless other metabolites of benzene hexa- 
chloride can be characterized by chemical means, and shown also to have biologi- 
cal activity of a high order, it may be assumed that the toxicant in the tissues of 
rats ingesting gamma isomer is the gamma isomer. 

Table 1 shows the storage of toxicant in the fat of the first series of rats. 
Measurable quantities are seen to be present in all cases even after only one week 
of exposure to the diet containing 20 p.p.m. gamma isomer. There is greater 
storage in the female castrates than in the normal males on 1000 p.p.m., and this 
is further emphasized when it is noted that the former consumed less gamma 
isomer over comparable periods of time than the latter. In this series, the expo- 
sure periods ranged up to one month only, and accumulation of toxicant with 
time is not especially marked. 
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Table 2 shows the distribution of toxicant in the tissues of the second series of 
rats. It can be seen that the toxicant has been found distributed in all the tis- 
sues examined, but that the maximum amounts occur in kidney and abdominal 
fat. In the male rat, particularly at the lower diet levels, storage of toxicant is 
greater in the kidney than in the fat. The reverse of this however is strikingly 
demonstrated in the castrate female rat. It should also be emphasized that 
storage of toxicant in the fat of the castrate female tends to be higher than in the 
male, particularly at low levels of intake. 


TABLE 1 


Concentration of toxicant found in the perirenal fat tissue of the rat in relation to oral ingestion 
of gamma isomer of benzene hexachloride 


RAT NO. 


SEX 


PERIOD OP EXPOSURE 


CAUUA ISOMER 
DIGESTED 


j MICROGRAMS TOXICANT 
PER GRAM OF FAT 


Diet contained 1000 p.p.m. gamma isomer benzene hexachloride 




day; 

rngm. 


3L 

F* 

7 

162 

444 

2 

F* 

10 

171 

987 

1L 

F* 

10 

192 

1011 

5 1 

11 | 

10 

240 

310 

6IC 

M 

10 

297 

530 

4KL 

M 

30 

610 

333 


Diet contained 20 p.p.m. gamma isomer benzene hexachloride 


7Ii 

F* 

7 

3.7 

1 20 

SK 

F* 

30 

13.5 

3S 

9 

F* 

30 

15.1 

17 

10 

M 

30 

16.2 

21 

11 

11 

30 

15.6 

26 

12 

M 

30 

13.7 

23 


L = Liver content of toxicant in micrograms per gram. Xo. 1 = 3.5 Xo. 3 = 1 S; X'o. 
4 = 1.7. 


K = Kidney content of toxicant in micrograms per gram. Xo. 4 = 750; Xo. 0 = 1S3; 
Xo. 7 = (1.7; Xo. S = 11. 

* = Castrate female. 

A careful appraisal of the distribution in the tissues indicates that accumulation 
of toxicant with time does not seem to occur. Thus the four animals exposed for 
four months to gamma isomer did not regularly contain more toxicant in their 
tissues than the animals which were exposed only for one month. As a matter of 
fact, there appears to be a tendency for the animals on longest exposure to contain 
less toxicant in certain tissues; this is uniformly true for the liver, and with one 
exception for the kidney. 

Table 3 shows the excretion of toxicant in the urine and feces of rats over a 
single 24-hour period taken when all of the animals had been on their respective 
diets for one month. During the collection period the animals had access to 
water but were without food in order to avoid contamination of the excreta. It 






TABLE 2 


Distribution of toxicant in the tissue of rats which ingested gamma isomer benzene hexachloride 


RAT NO. 


PFRIOD OF 
EXPOSURE 

CA1QIA 

ISOMER 

INGESTED 

UICROGRAilS TOXICANT PER CRAM TVET TISSUE 

1 Fat 

j Kidney 

J Liver 

j Blood 

j Spleen jAdrenal | Muscle 

j Brain 

Diet contained 500 p.p.m. gamma isomer benzene hexachloride 



days 

rrigm. 









13 

M 

32 

360 

226 

126 

1.6 

0 


0 

2.0 

2.6 

14 

M 

77 

764 

S7 

119 

0.87 

0.95 


0 

2.3 

4.2 

15 

M 

113 

1214 

108 

114 

0.66 

0.51 


tr 

1.8 

1.9 

18 

F* 

36 

307 

178 

33 

1.5 

0.37 

6.9 


4.9 

6.0 

17 , 

F* 

77 

747 

244 

13 

0.69 

1.3 

0 


5.3 

7.3 

16 

F* 

113 

939 

i 

247 

15 

0.64 

1.2 



■4.7 

i 

4.9 







19 

M 

36 

15.5 I 

^ tr 

13 

1.3 

0.38 


0 

0 

0 

20 

M 

79 


9.2 

34 

0.36 

0.20 

0 

0 

0 

0 

21 

M 

114 

44.8 

0 

35 

0.31 

0 

0 

0 

0 

0 

24 

F* 

36 

15.7 

22 

5.7 

0.81 

0.29 

1.8 

0 

tr 

tr 

23 

F* 

79 

24.9 

10 

0 

0.54 

0 

0 

0 

0 

0 

22 

F* 

114 


14 

0 



0 

0 

0 

ES 


* Castrate female. 


TABLE 3 


The excretion of toxicant by the rat following ingestion of gamma isomer of benzene hexachloride 





24-bouk period 

RAT NO. 

SEX 

Intake of gamma 
isomer 

BE ggjjgg 


Diet contained 500 p.p.m. gamma isomer benzene hexachloride 




avg. mgm. 

micrograms 

microgroms 

13 

M 

10 

9.9 

tr 

14 

M 

10 

97 

0 

15 

M 

10 

182 

tr 

18 

F* 

s.s 

tr 

a 

17 

F* 

8 8 

! o 

! o 

16 

F* 

8.8 

o i 

12 

Diet contained 20 p.p 

.m. gamma isomer 

benzene hexachloride 

19 

M 

0.40 

15 

0 

20 

M 

0.40 

9.2 

tr 

21 

M 

0.40 

tr 

0 

24 

F* 

0.37 

0 

tr 

23 

F* 

0.37 

0 

0 

22 

F* 

0.37 

0 

tr 


* Castrate female. 
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can be seen that excretion, varying from 0 to about 4% occurs in the urine, but 
peculiarly enough only in that of the males. Very small quantities only are ex- 
creted in the feces. 1 

A number of other factors were studied in an attempt to throw some light on 
the metabolism of the gamma isomer. The livers of all of the animals ingesting 
500 p.p.m. of gamma isomer, whether for one month or four, were found to be 
definitely enlarged when compared with the livers of the animals ingesting 20 
p.p.m. Expressed as grams liver per kgm. rat this averaged 42 for the 500 p.p.m. 
diets and 3l’for the 20 p.p.m., approximately a 25% enlargement. When this 
information became available a few preliminary in vitro studies with minced liver 
in contact with gamma isomer were made. These experiments showed approxi- 
mately 25% disappearance of gamma isomer when incubated at 38° for two hours. 
Finally, the tissues of a number of rats, which had been on a diet containing 500 
p.p.m. gamma isomer for one month, and then transferred to a control diet for 
three weeks, were examined. Wo detectable amounts of toxicant could be found 
in fat, liver or kidney. 

Discussion. Assuming that the toxicant found in the tissues is the gamma 
isomer, it would appear that its behavior in the rat may be described by the fol- 
lowing pattern, (a) By comparison with DDT (3) storage in the fat is lower, 
but storage in the kidney higher, (b) Over short periods of at least one to four 
months, there does not appear to be any marked accumulation of gamma isomer 
in the tissues with time, as has been demonstrated for DDT (4). (c) Gamma iso- 

mer disappeared readily from tissues after oral intake ceases. 

It is striking that so little toxicant is excreted in the feces. This indicates 
either destruction in the gut or more or less complete absorption. If the latter 
occurred one might expect larger quantities in the blood or urine unless, as the 
preliminary incubation studies indicate, the liver is particularly efficient in 
metabolizing the gamma isomer. 

SUMMARY 

1. Using the house fly as a sensitive test insect, a bio-assay method has been 
developed for the gamma isomer of benzene hexachloride. 

2. Examination of the tissues of rats which had consumed gamma isomer in 
their diet has shown the presence of a substance having toxicologically identical 
characteristics to that of the gamma isomer. 

3. Largest quantities of toxicant were found in fat and kidney tissues with 
measurable amounts in blood, liver, spleen, muscle, brain and adrenal. 

4. Some excretion of toxicant occurs via the urine but little or none via the feces. 

Acknowledgment. The author wishes to thank Mr. J. H. Fales, Bureau of 
Entomology and Plant Quarantine, U. S. Department of Agriculture, for so 
kindly furnishing the house flies used in tliis study. 
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Our previous work (1, 2) on methadon was carried out with the racemic mix- 
ture. Doctors T. P. Carney and A. Pohland of our organic chemical division 
recently succeeded in resolving the product into its optical antipodes through the 
nitrile process, and afforded us an opportunity to ascertain the differences of 
pharmacological action between the two forms. 

Published information from various laboratories on the relative activity and 
toxicity of the optical isomers of methadon is already on record. The Germans 
as interrogated by the British Intelligence Objectives Sub-Committee (3) appar- 
ently believed that the Z-isomer was 4 times as active as the d-form. Thorp, 
Walton, and Ofner (4) attributed the analgesic activity to the Z-isomer, since they 
observed no effect with the d-isomer. Eddy (5) and Luduena and his associates 
(6) arrived at a similar conclusion. Isbell and Eisenman (7) reported that in 
man the Z-isomer was capable of reducing the intensity of morphine abstinence, 
while the d-isomer had no effect. Denton and his co-workers (8) recorded the 
same incidence of side reactions in human subjects with a dose of the racemic 
mixture twice that of the Z-isomer. 

The optically active isomers of Dolophine (methadon, Lilly) used in this inves- 
tigation were in the form of hydrochlorides. They had the same melting points, 
239-241°C., but opposite rotations— the specific rotation of the Z-form being 
[a] 2 ^' 5 — 128°, and that of the d-form, [a] + 120°, in 1 per cent aqueous solu- 
tions. 

1. Analgesic potency — rals. By the tail-pinching technique of Haffner (9), the 
analgesic action of cl- and Z-Dolopliine was measured in 50 albino rats. The 
dings were injected intraperitoneally, and the duration and intensity of analgesia 
ascertained thereafter. Various dose levels were tried with both isomers until 
dosages of each whicli produced equal analgesic effects were determined. Thus, 
a dose of 4.0 mg. of Z-Dolophine per kg. was found to equal 30 mg. of d-Dolopbine 
per kg., which makes the Z-isomer 7.5 times as active as the d-form in this species. 
Both compounds produced profound analgesia. The Z-Dolophine also was found 
experimentally to be 1.0 times as potent in rats as racemic Dolophine, which 
checked well with the theoretical predicted value calculated from individual 
potencies mentioned above. 

Dogs. Studies were made in 5 trained, unanesthetized dogs using the Andrews 
and Workman modification (10) of the Hardy- Wolff-Goodell procedure (11)- 
As with rats, attempts were made to find doses of each compound which would be 
equal analgesic-ally. Figure 1 shows some of the results. The d-isomer was still 
less potent in this species. In the dog, 1 mg. of Z-Dolophine per kg. caused a rise 
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of the pain threshold greater than that produced by the d-compound in doses of 
22.5 mg. per kg. and less than 30 mg. per kg. Roughly, the 1-form was 25 times 
as potent as d-Dolophine. Both isomers were injected subcutaneously. 

Man. In Figure 2 is seen the analgesic action of 160 mg. of d-Dolophine com- 
pared to that of only 3 mg. of the 1-isomer, following oral administration. Pain 
thresholds were ascertained by the Hardy-Wolff-Goodell apparatus. These 
doses gave practically identical results. In the 3 subjects tested, the 1-isomer was 
thus about 50 times as strong analgesically as the d-form. 

This difference in relative potency in different species had not been encountered 
before in our studies of Dolophine, demerol, and related compounds. Previously 



Fig. 1. Analgesic Responses to Dolophine Isosiebs bt Trained 
Unanesthetized Dogs 

Each curve is an average for the same 4 animals. 

(2), we had reported that the relative strength of any 2 substances was the same 
in rats, dogs, and men. 

2. Signs and symptoms. In this connection, certain signs and symptoms were 
common to both isomers in man and dog. There were differences, however, 
which were quite striking. In human beings, doses of the 2 isomers which gave 
equivalent analgesic responses resulted in marked differences in the subjective 
symptoms. For example, in man a dose of 3 mg. of 1-Dolophine, taken orally, 
caused definite lightheadedness, sleepiness, and apparently some interference 
with ability to think or concentrate. These symptoms persisted for 9 to 14 hours. 
On the other hand, 1G0 mg. of d-Dolophine bv mouth produced either a feeling 
of well-being (euphoria ?) or a tendency toward lethargy with little or no light- 
headedness. In the case of the d-isomcr, the symptoms lasted only 4 to 5 hours. 
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Similar findings were noted in our trained dogs, although it was more difficult 
to judge the degree of side-effects. Also, equal analgesic responses to the 2 
isomers were not obtained. Comparison of signs following the 30-mg.-per-kg. 
and l-mg.-per-kg. doses, respectively, of d- and 1-Dolophine is of interest. Al- 
though this dose of d-isomer caused marked analgesia, the narcotic effects ap- 
peared to be distinctly less than those resulting from Z-Dolophine. In the ani- 
mals which received the Z- form, well-developed signs were noted, these changes 
being similar to those reported previously (1) for the racemic mixture. These 
signs tended to be slight or absent after rf-Dolophine, and 1 dog had strong con- 
vulsive seizures. 


— - /-DOlORMINE JUG OAAlLT 
^DOUOPHINC IIOMC ORALLY 



Pro. 2. Effect on Pain Threshold in Man 

The curves are averages for 2 subjects, the same individuals being used in each case. 

3. Effects in anesthetized dogs. Experiments were made in 6 dogs under bar- 
biturate anesthesia to determine whether or not there -were differences in action 
of the 2 isomers on circulation, respiration, or intestinal motility. The effects 
on heart rate and blood pressure proved to be too slight or too irregular to dis- 
tinguish the isomers. The 1-compound, however, was approximately 25 times as 
potent a respiratory depressant as d-Dolophine, as judged by effect on respiratory 
minute volume. This figure agrees with the relative analgesic potency of the 
isomers in this species. On the other hand, 65 times as much d-Dolophine as the 
Z-isomer was needed to produce a minimal increase in motility of the duodenum. 
The respiratory effect is probably related to narcotic action, while intestinal 
stimulation is parasympatheticomimetic. 

4. Acute toxicity. The median lethal dose by intravenous administration into 
mice was determined simultaneously for d- and Z-Dolophine as well as the racemic 
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mixture. Results are shown in table 1. Although there was no significant dif- 
ference statistically between the optical isomers, the toxicity curves and objec- 
tive signs were strikingly dissimilar. The toxicity curve for the 1-compound was 
quite flat, deaths occurring over a period of a few minutes to as long as 8 hours 
after injection. These mice exhibited the usual signs of narcosis seen with 
racemic Dolopliine. In contrast, death always occurred rapidly or not at all 
with the d-form, resulting in a steep toxicity curve. Violent convulsions pre- 
ceded death. No period of narcosis was evident at any time. 

An unexpected result was that d!-Dolophine was more toxic than either optical 
isomer. The difference was statistically significant. We repeated the toxicity 
test at another time with the same results. Also, we prepared a 50-50 mixture 
of the pure isomers and found that this mixture gave the same toxicity as the 


TABLE 1 

The median lethal doses of d-, 1-, and dl-Dolophine by intravenous administration 

into albino mice 


COMPOUND 

DOSE 

NUMBER DIED/NUMBER USED 

LDH S.E. 


mg. per kg. 


mg. per kg. 

dl-Dolophine 

15 

1/10 

20.9 ± 1.6 


20 

5/10 



25 

7/10 


1-Dolophine 

15 

2/10 

28.7 ±4.5 


20 




25 

5/10 



30 

7/10 


rf-Dolophine 

2S 

2/10 

30.6 ± 1.0 


[ 32 

6/10 



1 37 

10/10 



regular Dolophine. Apparently, there is a synergistic action in toxicity be- 
tween the isomers. 

Both the d- and 1-isomers were found to produce the Straub tail phenomenon in 
mice. The threshold doses were found to be about 2.0 and 0.5 mg. per kg. intra- 
venously for d- and f-Dolopliine, respectively. In this respect, then, the ?-isomer 
appears to be 4 times as potent as d-Dolophine. 

Discussion. Our results show that the analgesic action of 1-Dolophine is 
definitely stronger than the d-form; the ratio of activity varies according to 
species, being approximately 7.5:1 in rats, 25:1 in dogs, and 50:1 in man. 
d-Dolophine uniformly produces analgesia in relatively larger doses. In this re- 
spect, our data are at variance with those of Thorp, Walton, and Ofner (4). It 
is interesting to point out that in anesthetized dogs the 1-isomer as compared with 
the d-isomcr is 25 times as depressant on respiration, but 65 times as stimulating 
to the duodenum. Meanwhile, there is very little difference between the two on 
the heart rate and arterial blood pressure. In both dogs and man, a greater de- 
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piessant or naicotic action occurs with the /-isomer in doses which cause the 
same degree of analgesia as with equivalent doses of the d-isomer. It is difficult 
to offer adequate explanations for all the observations so far recorded. 

Equally puzzling is the difference in toxicity be tv een the l- and d-isomers on 
the one hand, and the dZ-isomer on the other, the latter being more toxic than 
either of the other two. Our results are not in agreement with those of Jenney 
and Pfeiffer (12) and Hopper and Miller (13). 

SUMMARY 

1. The analgesic action of Z-Dolophine is much gi eater than that of the 
d-isomer, the order of activity being approximately 7.5:1 in rats, 25:1 in dogs, 
and 50:1 in man. 

2. Z-Dolophine produces more narcosis than the d-form in equianalgesic doses. 

3. In anesthetized dogs, Z-Dolophine is 25 times as depressant to respiration, 
but 65 times as stimulating to duodenum, as the d-isomer. 

4. There is little difference in toxicity between the l- and d-isomers in mice by 
intravenous injection. Either optical isomer is, however, slightly less toxic than 
the racemic mixture. 
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Following oral toxicity screening tests with 65 compounds 1 as a preliminary 
to the determination of their rodenticidal potentialities, it was found that the 
phenylhydrazine derivative of fluoroacetic acid (“Fanyline”) was the only com- 
pound of the entire series with properties which warranted its further investiga- 
tion as a possible rodenticide. 

Earlier studies directed towards the synthesis of effective verminicides led 
to the discovery of sodium fiuoroacetate (“1080”), the toxicity and pharmacology 
of which have been reported by Kalmbaeh (1), Dieke and Richter (2), Cheno- 
weth and Gilman (3), and Ward and Spencer (4). 

Kalmbaeh (1) gave the approximate median lethal doses of “1080” when ad- 
ministered in food baits as 5.0 mg./kg. for deer mice, the wood rat, and wild 
Norway rats; 2.5 mg./kg. for tame white rats; 0.5 mg./kg. for meadow mice; 
and 0.1 mg./kg. for wild black rats. He reported also that laboratory rats 
ingesting sublethal doses for 5 to 14 days acquire a tolerance which may last 
7 days. Dieke and Richter (2), on the other hand, stated that when “1080” was 
administered in 10 per cent acacia by stomach tube to wild Norway rats fasted 
■ overnight, the LDso ± S.E. in mg./kg. was only 0.22 ± 0.01, the survival time 
varying from 45 to 240 minutes. 

Data on the toxicology, pharmacology, and pathology of phenylhydrazine 
may be found in the papers by von Oettingen and Deichmann-Gruebler (5), von 
Oettingen ct al (6), and Hueper (7). In the former (5), it is stated that a sub- 
cutaneous dose of 0.18 gm./kg. produced 100 per cent fatalities within 50 min- 
utes in mice, whereas a dose of 0.17 gm./kg. killed only 45 per cent of the mice 
in 70 minutes. The “minimal fatal” dose for rats by subcutaneous injection 
is given as also 0.18 gm./kg. by von Oettingen el al (6). No information, how- 
ever, was found in the literature regarding the biological assessment of the 
phenylhydrazine derivative of fluoroacetic acid. 

Since “Fanyline” is only slightly water soluble, whereas one of the drawbacks 
of “10S0” is its marked water solubility, it seemed that for this reason, in addi- 

* Present Address— Division of Research Grants and Fellowships, the National Institute 
of Health, Bethesda 14, Maryland 

1 These compounds were submitted by Doctor Benjamin Witten of the Army Chemical 
Corps, Technical Command, Army Chemical Center, Maryland. 
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tion to its toxicity, further investigation of this product was indicated. Inas- 
much as wild rats and mice were not available, all toxicity and acceptability 
tests were conducted with Wistar albino rats and Carworth Farms albino mice. 
Supplementary oral toxicity data were determined in several other laboratory 
species. 


EXPERIMENTAL 

All compounds screened for their oral toxicity to rats were administered 
through # 14, 21 inch hypodermic needles with ends blunted and protected with 
sealing wax. Non-water soluble compounds were suspended in 20 per cent acacia 
and given as such. 

Animals were divided into two groups regardless of weight, no rats, however, 
weighing less than 200 nor more than 500 grams. Each of these groups, except 

TABLE 2 


Oral toxicity of fluoroacetphenylhydrazide for rats, mice, pigeons, rabbits, guinea pigs, 

cats, and dogs 


SPFCIXS {AX'D NO. O T ANIMALS USED 

IN THE ASSAY) 

LDu =fc STD ERROR 

SLOPE OP 
REGRESSION 
LIXE-b 

HIGHEST DOSE 
PRODUCING 0 
PER CENT 
MORTALITY 

LOWEST DOSE 
PRODUCING 100 
PER CENT 
MORTALITY 


mf/tg 


ng/tg 

mt/tl 

Rats (80) 

9.1±0.7 

4.5 

2.5 

16.1 

Mice (100) 

44.9±2.9 

7-0 

10.0 

70.0 

Pigeons (37) 

7.2±0.6 

8.5 

5.8* 

12.5 

Rabbits (IS) 

— 

— 

1.3t 

1.7 

Guinea Pigs (28) . 

— 

— 

0.65 

1.3 

Cats (12) 

— 

— 

0.25 

0.5 

Dogs (12) .. 

— 

— 

0.1 

0.25 


* Mortality = 3/12. 
t Mortality = 3/6. 


as otherwise noted in table 1, consisted of 10 rats, one series of 10 receiving 100 
mg./kg. of body weight and the other 50 mg. of a compound per kg. body weight. 
Solutions and suspensions were made to contain 25 mg. of agent per ml. of 
vehicle so that the volume given was no greater than 1 ml./250 gm. of body 
weight. Test animals were observed several times daily for a period of 7 days. 

Since no compounds the oral toxicity of which was such as to permit several 
survivals at the 50 mg. level were further investigated, median lethal dose 
studies were conducted only with “Fanyline,” which had killed all rats at both 
the 100 and 50 mg. dosages. The data for the entire series of compounds 
screened appear in table 1. 

The method used to determine the oral LD W of “Fanyline” in both rats and 
mice was similar to that used in the screening. Suspensions were adjusted so 
that the volume of the total dose was contained in 0.05 ml. for each 20 gm. of 
body weight for mice. The median lethal doses and their standard errors, cal- 
culated by the method of Bliss (8), are in table 2. 
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It was found that for male rats weighing between 200 and 350 gm., the median 
lethal dose was 9.1 mg./kg,, the standard error being 0.7 mg./kg., while for 
female mice between 17 and 23 gm., the corresponding values were 44.9 ± 
2.9 mg./kg. 

TABLE 3 

Acceptance and lethality of 1 % and 2% mixtures of fluoroacelphenylhydrazide in corn meal to 
non pre-baited rats and mice 


W 


SPECIES AND SEX 

NO. OF 
ANI- 
MALS IN 
EACH 
GROUP 

WT. RANGE 

POISON CONSUMED 

ft 

II 

is 

H O 
u> 

MOR- 

TALITY* 

LENGTH 

OF 

EXPO- 
SURE TO 
BAIT 

COMMENT 



[m 

mg/hgfanimol 

Percent 


hn. 


Kat-M 

1 

500 

74 

2 

l/l 

.1 

Fasted 48 








hrs. 

“ -M & F 

9 

205-419 

Not recorded 

2 

9/9 

2.5 

Fasted 48 








hrs. 

“ -M 

1 

323 

74 

2 

1/1 

24 

Non-fasted 

" -M & F 

7t 

ca.300-500 

Not recorded 

2 

7/7 

4S 

Choice of 








poisoned 








meal and 








fox chow, 








Non- 








fasted 

‘‘.-M&F 

•it 

320-355 

42-104 

1 

4/4 

24 

Non-fasted 

“ -M & F 

5t 

240-360 

10-83 

1 

5/5 

3.25 

(i >< 

“ -M & F 

St 

230-325 

62-138 

1 

5/5 

2 

« “ 

Kat-F 

3 

ca. 76 

Not recorded 

1 

3/3 


Non-fasted 

“ -F 

3 

65-75 

1 1 a 

1 

3/3 

24 

a « 

“ -M 

3 

65-82 

it a 

1 

3/3 

24 

<< “ 

“ _F 

3 

65-82 

it « 

1 

3/3 

24 

tt “ 

“ -F 

4 

71-79 

it u 

1 

4/4 

24 

ii “ 

Mice-M & F 

25 

26-30 

104 for all mice 

2 

12/25} 

4 

Non-fasted 

“ -M & F 

25 

26-30 

74 <« «« « 

o 

9/25} 

4 

Non-fasted 

“ -M & F 

25 

26-30 

84 “ “ “ 

2 

mm 

4 

tt « 

-M & F 

25 

26-30 

U4 «« a a 

2 

2/25} 

4 

a « 


* Deaths generally occurred within 24 hours from time of exposure in rats and some- 
what more slowly in mice. 

f One animal per cage. 

t Survivors were pre-baited for one week after which they were exposed to contami- 
nated bait. The following deaths occurred 13/13, 13/16, S/15, and 21/23, respectively* 

Acceptability tests were conducted, without prebaiting, with 1 and with 2 
per cent of the “Fanyline” in corn meal. In some tests, rats were fasted over- 
night before being placed in the presence of contaminated corn meal. In others, 
the animals were not fasted. Finally, well-fed, non-starved rats not previously 
exposed to either contaminated or uncontaminated corn meal were allowed to 
choose between contaminated meal and the usual block chow. In all instances, 
even when the choice was allowed, the animals ate freely of the poisoned corn 
meal. Quantitative records were kept in a number of these experiments. 
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In the case of the mice, individual quantitative food consumption data were 
not obtained because of non-availability of suitable feeding cages. 

The data on the feeding experiments may be found in table 3. 

Following the tests which indicated that the fluoroacetphenylhydrazide was 
readily accepted by rats, toxicological investigations were conducted on pigeons, 
rabbits, guinea pigs, cats, and dogs. In the three former species, the compound 
suspended in 20% gum acacia was administered orally by tubing with a stiff 
rubber catheter, while in the two latter, the “Fanyline” was given in capsules. 
The acacia suspensions were adjusted to contain the required dose in 1 ml./250 
gm. body weight in pigeons and guinea pigs and in 1 ml./kg. in rabbits. 

The calculated median lethal dose plus or minus one standard error was 7.2 
± 0.G mg./kg. for pigeons; whereas the estimated median lethal doses were 
slightly less than 1.3 mg./kg. in rabbits, between 0.65 and 1.0 in guinea pigs, 
greater than 0.25 and less than 0.5 in cats, and between 0.1 and 0.25 in dogs. 
More complete data may be found in table 2. 

The symptomatology resulting from the acute poisoning was similar to that 
previously reported (3). In rats and in mice, occasional delayed deaths were 
observed. 


DISCUSSION 

A survey of the species toxicities of the several fluoroacetates and“Fanyline” 
affords the belief that the primary action of the latter is due to the fluoroacetate 
moiety of the molecule. While further investigations with the plienylhydrazide 
would be of interest, such are not warranted unless the results of trials being 
currently conducted elsewhere on wild rats and other pests recommend the field 
use of the derivative. 


SUMMARY 

1. Fluoroacetphenylhydrazide, “Fanyline,” a potential rodenticide, has been 
found to be readily accepted by laboratory Wistar rats and C. F. mice. 

2. The oral median lethal dose (± 1 std. error) of the compound was 9.1 
(=*= 2.7) mg./kg. for rats, 44.9 (± 2.9) for mice, and 7.2 (± 0.6) for pigeons. 
For rabbits, the LDso is probably slightly less than 1.3 mg./kg.; for guinea pigs, 
between 0.G5 and 1.3; for cats, greater than 0.25 and less than 0.5; and for dogs, 
between 0.1 and 0.25 mg./kg. 
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During the course of other studies (1), it was noted that thiamine hydrochlo- 
ride was toxic to dogs when injected intravenously in large doses. The litera- 
ture reveals that toxic manifestations have been observed by many who gave 
thiamine in doses far greater than those at which thiamine acts as a vitamin. 
For example, repeated administrations caused hyperventilation, allergic reac- 
tions and even death (2-9); the intravenous, intramuscular or intraspinal in- 
jection of large doses of thiamine produced respiratory failure, decrease in blood 
pressure, vasodilation, and depression of the central nervous system (10-13); 
direct application of thiamine solutions to the cerebral cortex caused localized 
convulsions (14). These papers establish the fact that thiamine can be toxic. 
The present study was undertaken to extend the knowledge of the toxicity of 
thiamine and to investigate the mechanism of its toxic actions. 

EXPERIMENTAL 

Our results may be divided, for convenience, into three divisions; the effects 
of thiamine on the intact animal, the effects of thiamine on the vascular system, 
and the effects of thiamine on the heart. 

The effects of thiamine on the intact animal 

Materials and methods. Thiamine hydrochloride 1 , in a freshly prepared 5% solution 
in saline, either acidic or neutralized immediately before use, was given in single doses from 
10 to 500 mgm./kgm. into the femoral vein of dogs, under ether anesthesia. Artificial 
respiration was provided when desired. Blood pressure was recorded from the carotid 
artery with a mercury manometer. Respiration was recorded either by pneumographs or 
from a side arm of the tracheal cannula. The electrocardiogram was recorded from Lead II 
or from the three classical leads. 

Blood samples were analyzed for total thiamine by the method of Hennessey ana 
Cerecedo (15), slightly modified (1). The hydrogen ion concentration of blood was meas- 
ured by withdrawing blood from the femoral vein into a shell vial, stoppering with minimum 
contact with air, and measuring with a Beckman pH-meter after the samples had come to 
room temperature. The dogs were heparinized to prevent coagulation.’ 

Results. On injecting thiamine, 50 mgm. per kgm. intravenously into dogs, 
respiration is inhibited or ceases, arterial blood pressure decreases and an in- 
verted T-wave frequently appears in the electrocardiogram. (Fig. 1.) 

1 This investigation was made possible by grants from the John and Mary R. Markle 
Foundation and from the Upjohn Company, Kalamazoo, Michigan. . 

' 5 Thiamine hydrochloride was furnished by the Upjohn Company, Kalamazoo, Michigan. 

’ Heparin was kindly supplied to us by the Abbott Laboratories, North Chicago, Illinois, 
and Wilson and Company, Inc., Chicago, Illinois. 
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Fig. 1A also shows that if artificial respiration is maintained, blood pressure 
returns to normal, the abnormal T-wave disappears, and, eventually, spontaneous 
respiration is resumed. On the other hand, (Fig. IB) if artificial respiration is 
not provided, the animal dies from respiratory arrest, accompanied by changes 
in blood pressure and the electrocardiogram typical of anoxia. 


r 


I RESPIRATION. 
;160 g 180 * 


too 2 120- B 

-80 






Fig. 1 . The efTect of thiamine on the respiration, blood pressure and electrocardiogram of 
dogs. Thiamine hydrochloride, SO mgm /kgm , was injected at each arrow. Electro- 
cardiograms from Lead II A With artificial respiration. Larger excursions at slower 
rate are due to artificial respiration Smaller excursions at faster rate are due to natural 
respiration B. Without artificial respiration 

TABLE 1 

The changes tn hydrogen ton concentration (pH) of blood after the intravenous injection of 
thiamine (50 mgm /kgm ) 


1 

TILE, SECONDS ! 
AFTER 
TI1IAUINE 

ACID 

THIAMINE. 

MINIMUM 

ARTIFICIAL 

RESPIRATION 

(3 EXPER1 
MENTS) 

ACID 

1 THIAMINE, 

| HAPERAEN- 
TlLATION 

(5 EXPERI 
MENTS) 

1 

ACID 

THIAMINE, NO 1 
ARTIFICIAL j 
RESPIRATION 1 
(3 EXPERI , 

MFNTS) j 

ALI ALINE 
THIAMINE, 
MINIMUM 
ARTIFICIAL 
RESPIRATION 
(3 EXPERI 
MENTS) 

ALKALINE 
THIAMINE, 
HYPERVEN- 
TILATION 
(4 EXPERI 
MENTS) 

ALKALINE 

THIAMINE 

NO ARTIFICAL 
RESPIRATION 
(2 EXPERI- 
MENTS) 


PI 7 

pn 

pll j 

pn 

pn 

pn 

0 

7 59 

7 52 

7 52 

7 61 

7.70 

7.63 

10 

7 56 

7 53 

7 47 

7 67 

7 6S 

7 60 

20 

7 57 

7 57 

7 44 1 

7 62 

7 64 

7 5S 

30 

7 53 

7 5S 

7.44 | 

7 63 

7 65 

7 56 

to 

7 53 

7 04 

7 50 ! 

7 C2 

7 65 

7 56 

50 

1 7 53 

1 7 00 

7 45 1 

7 62 

7.66 

7 51 

00 

| 7 55 

i 7 02 

j 7 16 | 

7 61 

| 7 66 

7 52 

75-120 

| 7 56 

| 7 02 

1 7 50 

7 59 

7 CO 

7 ol 

150-210 

1 7 5G 

t 

1 7 G5 

! 

1 7 47 

(Death) 

7 5S 

7 G6 

7 41 
(Death) 


Wien thiamine hydrochloride is dissolved in water, it produces a solution 
"hose acidity is proportional to the concentration. It was necessary, there- 
fore, to investigate the effects of acidic and alkaline solutions of thiamine to 
clarify the effects of tlm acidity itself. It was found that thiamine solutions 
and neutral thiamine solutions produce identical effects on the intact dog. 

Table 1 shows the effect of pH on blood after injections of thiamine into in- 
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tact dogs. It is seen that thiamine solutions, either acidic or neutralized, do not 
alter the pH of blood appreciably. The changes in pH that do occur are due to 
changes in respiratory ventilation and may be altered at will. 

Table 2 demonstrates the effectiveness of artificial respiration in preserving 
the animals even after large doses of thiamine. It is seen that injections pro- 
ducing concentrations of less than about seven milligrams of thiamine per 100 
cc. blood are not fatal without artificial respiration, doses producing greater 

TABLE 2 


The relation between thiamine injected and the resulting concentration in blood and the effect 
of artificial respiration on survival. Blood samples were taken 15-30 seconds after thiamine 
was injected. Results from 6 dogs 


THIAMINE INJECTED 

RESULTING COXCEN- 
> TRATION OF THIAMINE IN | 
BLOOD, MCM. PER 100 CC. 

ARTIFICIAL RESPIRATION 

FATE 

mzm.fkgm. 




50.0 

19.3 

With 

Recovery 

34.5 

7.8 

Without 

Death 

50.0 

21.4 

With 

Recovery 

25.0 

8.3 

Without 

Death 

107.0 

36.9 

With 

Recovery 

17.9 

10.0 

Without 

Death 

125.0 

20.6 



With 

| Recovery 

50.0 

7.3 

l 

Without 

Death 

50.0 ] 

6.3 

With 

Recovery 

16.7 

6.9 

Without 

Recovery 

32.4 

7.S 

Without 

Recovery* 

220.0 

43.7 

With 

Recovery 

220.0 

119. 5t 

With 

Recovery 


* When it became evident that death was imminent, artificial respiration was started, 


and the dog recovered. 

t This high value resulted from the injection of several previous doses of thiamine. 

concentrations are fatal without artificial respiration, and doses producing con- 
centrations up to one hundred and twenty milligrams thiamine per 100 cc. blood 
are tolerated if artificial respiration is maintained. In other experiments, much 
higher concentrations were not fatal if artificial respiration was provided. 

In many experiments spontaneous respiration was resumed if artificial res- 
piration was maintained for sufficiently long periods. Table 3 shows that after 
a large dose of thiamine, the concentration in the blood decreases rapidly; at 
the end of 2 hours, thirty-eight per cent of the thiamine injected was recovei e 
in the urine. Thus urinary excretion is of great importance in eliminating thia- 
mine from the blood; Table 3 also shows that even in the absence of functionn 
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kidneys, as in the dog heart-lung preparation, the thiamine concentration in the 
blood decreases about eighteen per cent in fifteen minutes Diffusion of thia- 
mine from the blood into the tissues undoubtedly accounts for much of the de- 
crease. From this table, it is apparent that thiamine concentration of blood 
decreases rapidly to tolerable levels, when spontaneous respiration may be re- 
sumed 

Table 4 shows the relation betw een blood pressure and the heart rate in the 
intact dog after thiamine. One can see that the fall in blood pressure produced 

TABLE 3 


The rate of disappearance of thiamine from the blood 


TIME, MIS UTES AFTER 
THIAMINE 

A INTACT DOG THIAMINE HVDROCHLORIDE, 100 MGM /KGM , 
INJECTED INTRAVENOUSLY INTO A 10 KGM DOG URINE COLLECTED 
FROM CANNULATED URETERS 

B DOG HEART LUNG 
PREPARATION 
THIAMINE HYDRO 
CHLORIDE, 2000 

MGM , POURED INTO 
\ENOUS RESF.RV OIR 

Blood thiamine, 
mgm per 100 cc 

Urinary thiamine 

Concentration of 
, thiamine, mgm /100 
cc whole blood 

Mgm excreted per 
minute 

Total excreted, 
mgm Cumulative) 

0 

0 002 

— 

— 

0 00 

1 

38 1 



— 

2 

19 7 



740 0 

3 

29 4 

13 6 

68 0 

— 

4 

12 2 



— 

5 

19 4 



— 

7 

11 7 



— 

9 

13 3 

13 2 

133 6 

615 0 

11 

13 1 




13 

9 3 

1 6 1 

164 0 

— 

15 

9 8 



583 0 

20 

— 

4 3 

229 4 

— 

30 

— 

2 8 

271 7 

— 

60 

— 

1 2 

316 8 

— 

120 

— 

1 07 

3S1 0 

— 


by thiamine is accompanied by a decrease m heart rate w Inch persists even after 
the blood pressure has returned to normal 

Our ne\t experiments were undertaken to investigate the mechanisms by 
which thiamine causes the observed fall in blood pressure To this end, we 
in\estigated the effect of thiamine on the vascular system and on the isolated 
heart 


The effect of thiamine on the vascular system 

Hates of perfusion through the isolated rabbit eat and through the femoral 
and mesenteric arterv of the dog were measured 

MvnniALS and vitiiods Perfusion or the rabbit car was accomplished as follows 
under anesthesia, the car was cveiscd, and the central arterv was cannulated and perfused 
■it const int pressure with m lmmalian limner with or without thiamine The rate of 
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perfusion was expressed in terms of drops per minute. The hydrogen ion concentration of 
the perfusate was measured with the Beckman pH-mcter before and after passing through 
the ear. 

Kates of perfusing femoral and mesenteric arteries were measured as follows: a large 
branch of the femoral or mesenteric artery of the dog was isolated and cannulated. This 
was perfused with approximately four milliliters of saline solution (the actual amount was 
constant for each experiment) from a glass tube located about four feet above the dog; 
the time required for each perfusion was recorded by key and signal magnet on a kymo- 
graph. In this fashion, perfusion times were ascertained at half minute intervals until 
constant, thiamine was injected between two perfusion determinations, and the perfusion 


TABLE 4 

The effect of thiamine ( SO mgm./kgm.) on blood pressure and heart rate. Rate was calculated 


from electrocardiograms. Results from 9 dogs. 



BEFORE THIAMINE INJECTION I 

AT TIME OF MINIMUM 
BLOOD PRESSURE AFTER INJEC- 
TION OF THIAMINE 

AT TIME WHEN NATURAL 
RESPIRATION BEGAN AFTER 
INHIBITION BY THIAMINE 

Blood pres- 
sure, mm. He 

Rate, beats 1 
per minute | 

Change in 
blood pressure, 
mm. Hp, 
from preinjec- ! 
tion level 

Change in 
rate, beats per 
minute, from 
prrinjcction 
level 

Change in 
blood pressure, 
mm. Hgj 
from preinjec- 
tion level 

Change in 
rate, beats per 
minute, from 
preinj'ection 
level 


118 

200.0 

-40 

-27.6 

+15 

-34.3 


130 

157.1 

-50 

-22.6 

0 

-20.4 


128 

148.5 

-48 

-14.0 

+ i 

- 9.6 


134 

139.5 

-30 

-2.7 

+18 

-3.1 


142 

142.9 

-48 

+5.3 

+4 

-4.0 


98 

214.2 

-18 

-39.S 

-2 

-5S.S 


162 

164. S 

-19 

-7.8 

+13 

+15.9 


120 

188.6 

-15 

+57.3 

+8 

-17.2 


122 

211.2 

— 2S 

-26.1 

+23 

-41.8 


146* 

192.3 

-34 

-13. S 

+4 

-21.9 


126 

221.5 

-32 

-18.4 

+14 

0 


120 

194.4 

-66 

-27.8 

-36 

-18.2 

Alcan .. 

128. S 

181.3 

-35.6 

1 

-11.5 ! 

+5.4 

-17. S 


* 100 mgm./kgm. 


times were recorded again at half minute intervals for 10 minutes. Changes in the perfusion 
rate did not always follow changes in the arterial pressure, indicating that perfusion rates 
were not due exclusively to changes in the hydrostatic pressure of the collateral circulation. 
The perfused area of the leg or small intestine was invariably well supplied by collateral 
circulation, since blood flowed back into the cannula between perfusions. 

Results. The results of these experiments are presented in Table 5 and 
Fig. 2. 

Table 5 shows that the rate of perfusion, in drops per minute, through the 
isolated rabbit ear increases with thiamine hydrochloride, and that neutralized 
thiamine solutions are w’thout marked vasodilating effect. It must be con- 
cluded that vasodilation due to thiamine hydrochloride on the isolated blood 
vessels is due, essentially, to the acidity of the solutions. 
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Fig. 2 shows changes in perfusion rates (in terms of seconds required for per- 
fusion of a constant volume of saline) of the femoral and mesenteric arteries 
and changes in blood pressure after injections of thiamine, 50 mgm./kgm., into 
dogs. The figure shows that a decreased perfusion time (i.e., an increased rate) 
accompanies the fall in blood pressure. 

These results indicate that thiamine, in the isolated rabbit ear, may produce 
vasodilation, due principally to the acidity of the solutions. However, in the 

TABLE 5 


The effect of thiamine and hydrogen ion concentration on the rate of perfusion through the 
rabbit ear. Hydrogen ion concentrations t cere measured as the fluid entered and exited from 
the car. Mean values from 18 experiments 


SOLUTION' 

HYDROGEN ION CON- 
CENTRATION 

DROPS PER 
MINUTE 

PER CENT CHANCE, 
drops per minute; 
(Thiamine-control) 

X too 

Entering 

car 

Exiting 
from ear 

Control 

Ringer 

pH 7. OS 

pH 7.55 

14.0 


0.025 c ,c Thiamine (neutralized) 

7.03 

7.52 

14.1 

J • 7 

Ringer 

7. 10 

7.61 

12.0 

|| 

0.025f; Thiamine Hydrochloride 

6.70 

7.37 

*** 

13.8 

j +15.0 

Ringer 

7.22 

7.55 

27.6 


0.05^ Thiamine (neutralized) 

7.25 

7.50 

27.7 

j +0.4 

! 

Ringer 

7.23 

7.50 

15.6 

1 

0.05% Thiamine Hydrochloride 

6.37 

6.91 

19.7 

j +26.3 

Ringer 

7.13 

7.55 

35.2 


0.10°^ Thiamine (neutralized) 

7.11 

7.41 

32.3 


Ringer . 

7.17 

7.3S 

16.9 


0.10°^ Thiamine Hydrochloride 

5.69 

5.92 

20.1 

j +18.9 

Ringei .. . 

7.29 

7 56 

25.2 


0.20 c , f Thiamine (neutralized) 

7.10 

7.3S 

25.4 

j +0.S 

Ringer 

7.1G 

7 40 

t 

| 2G.4 


0.20^ Thiamine Hydrochloride 

4.92 

j 5.02 

j 32.9 

} +24.0 


intact dog, even in the absence of pH changes in the blood, vasodilation occurs. 
We interpret these results to mean that vasodilation due to thiamine is not 
necessarily a direct peripheral action but is due to thiamine acting elsewhere, 
possibly on the central nervous system. 

The effects of thiamine on the isolated heart ' 

The isolated turtle heart and the dog heart-lung preparation were utilized in 
these studies. 
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Materials and methods- The turtle heart was isolated (16) and perfused at constant 
pressure with amphibian Ringer without or with thiamine. Contractions of the auricle 
and ventricle were recorded. The hydrogen ion concentration of the perfusate was meas- 
ured with tho Beckman pH-meter. 

The classical dog heart-lung preparation was modified by employing five parallel rubber 
tubes in place of the usual arterial resistance; the tubes were partially closed with screw 
clamps to obtain maximum arterial pressure with maximum cardiac output. Thiamine 



Fig. 2. The effect of thiamine, 50 mgra./kgm., on blood pressure and perfusion ra 
through the femoral and mesenteric arteries of the dog. Results of 8 experiments op » 
dogs; 4 additional dogs gave comparable results not included in these figures. O Perfusion 
times; © arterial blood pressure. 

hydrochloride, as a dry powder, was dumped into the venous reservoir where it dissolved 
immediately. Arterial and venous pressures were recorded with a mercury and water 
manometer respectively. Cardiac output was measured with a device located between 
arterial resistance and venous reservoir. The device consisted of a metal trough parti- 
tioned in the middle, with the center of gravity beneath the partition. One side filled with 
blood, tipping the device, tripping an electric contact connected to a signal magnet, an 
placing the other side in position to be filled. The device was carefully calibrated by 
measuring the total volume of blood passed when each bucket was filled and emptied ten 
times. 
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Results. The results of experiments on isolated heart preparations are 
shows in Fig. 3 and Table G. 


»<*>S£R 


10 023X TH AMI1C HC« 
4*" 64 


i 


RIHCf n 




|OC3t.Trt*WHt MCI | 


t* 


' 1 




(».' J 1 






ithiiuULi 



10 I* TH A umt "C*. 
• yr fm f *M 3 T 


r- 

r >r< 


!*IRCEA 


Ldr v 




O « V Tm lM>Ht 
•ittER Jim TJ 


r • ••'Ciajj ys. 



Fio 3 The effect of thiamine and hydrogen ion concentration on the turtle heart. 
Upper tracing, auricular contractions, lower tracings, ventricular contractions 

lig. 3 shows that the depression of the perfused turtle heart by thiamine hy- 
drochloride solutions increases with an meiease in concentration and an ineiease 
m acidity. Results obtained with neutralized thiamine and acidified Ringer 
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solutions indicate, however, that the depressant action resides principally in 
the acidity of the solutions. 

Table 0 shows results obtained with the dog lieart-lung preparation. It is 
apparent that concentrations of thiamine in the blood similar to those which 
cause a decrease in blood pressure and respiratory paralysis (Table 2) in the 
intact dog, produce no measurable changes in arterial pressure or cardiac output 
in the dog heart-lung preparation. However, when much higher concentra- 
tions are reached, arterial pressure and cardiac output decrease in rough propor- 
tion to the concentration of thiamine and the acidity of the blood. Venous 
pressure was not consistently raised or lowered by thiamine. Thus, in the dog 

TABLE 6 


The effect of thiamine hydrochloride on the dog heart-lung preparation. Summary of SO 
observations on 6 successful preparations 


DOSE 

THIAMINE, 

MCM. 

RESULTING 
CONCENTRA- 
TION, MCM. 
THIAMINE TER 
100 CC. BLOOD 

HYDROGEN 
ION CONCEN- 
TRATION OF 
BLOOD 

ARTERIAL PRESSURE, MU. HG 

CARDIAC OUTPUT, CC. PER 
MINUTE 

Before 

thiamine 

Change at 
minimum 
arterial pres- 
sure 

Before 

thiamine 

Change at 
minimum 
arterial pres- 
sure 

SO 

33 

pH 7.26* 

120.3 

No change 

415.5 

No change 

too 

42 

7.25 

122.4 

No change 

347. S 

No change 

125 

— 

— 

114.6 

No change 

298.6 

No change 

250 

S3 

7. IS 

117.5 

-0.5 

420.9 

-20.9 

500 

147 

7.14 

131.0 

-3.0 

313.7 

-20.S 

750 

441 

6.62 

125.0 

-10.0 

201.5 

-14.2 

1000 

464 

6.56 

148.1 

-21.0 

233.4 

-15.6 

2000 

1948f 

5.40 

132.3 

-49.0 

310.0 

-123.3 

. 


* The hydrogen ion concentration of whole blood was pH 7.32. 
t This high value was the result of several previous additions of thiamine. 


heart-lung preparation, it is evident that thiamine does not exert an effect on 
the heart except in doses far greater than those which, in the intact dog, cause a 
fall in blood pressure. It is likely that this effect may be attributed to the 
acidity of the blood. 

As has been shown (Table 1) thiamine hydrochloride in doses sufficient to pro- 
duce respiratory paralysis and decrease in blood pressure, does not alter the 
pH of blood. It seems evident that in the absence of changes in pH of blood, 
thiamine does not affect the hear! directly to any marked degree. Any effect 
on the heart contributing to the observed fall in blood pressure must, therefore, 
originate at some other point, possibly the central nervous system. 

DISCUSSION 

The most obvious effect of toxic doses of thiamine is respiratory depression or 
paralysis. There seems, at the moment, to be no valid reason to question the 
assumption that such an effect is central in origin. 
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In addition, large doses of thiamine cause a pronounced fall in blood pressure, 
which is transitory if artificial respiration is maintained. 

Any fall may be due to several factors, such as a decrease in blood viscosity 
and blood volume, or to a decrease in peripheral resistance brought about by 
vasodilation, or a decrease in the rate or efficiency of the heart beat. We did 
not study blood viscosity and blood volume; that they might contribute to the 
observed changes in blood pressure has not been ruled out, but this seems un- 
likely, since they could not change to a marked extent in the short time required 
to obtain the full effect of thiamine. 

The fall in blood pressure must, therefore, be due to vasodilation and/or a 
decrease in cardiac efficiency. 

We have seen that thiamine has no particular vasodilating effect in the rabbit 
ear, unless its solutions are acidic. Therefore, thiamine, per se, does not act on 
the blood vessels. However, in the intact dog, vasodilation occurs with either 
acidic or neutralized thiamine solutions in the absence of significant changes in 
the pH of the blood. The action of thiamine in the intact animal, is, therefore, 
not a pH effect, but an effect of thiamine itself. Since thiamine does not appear 
to act on the blood vessels directly, there remains the alternative that it might 
depress the vasoconstrictor centers. 

In the turtle heart and the dog heart-lung preparation, most of the changes 
produced by thiamine could be traced to the effect of the acidity of the thiamine 
solutions. In the intact dog, where no shift in pH is produced by thiamine, 
there is, nevertheless, a depression of the heart. These results can only indicate 
that thiamine does not act directly on the heart, but as in the case of the blood 
vessels, exerts its effect elsewhere. 

The meaning of the deep inverted T-wave of the electrocardiogram is not 
clear to us. It could indicate a direct effect of thiamine on the heart, or an in- 
direct effect due to depressed coronary flow as a result, perhaps, of decreased 
blood pressure, or it might indicate an effect on the heart originating outside of 
the heart itself. 

We are aware of the dangers of applying results obtained from one species 
directly to other species. It seems to us that the consistency of results obtained 
from the dog, rabbit and turtle make general conclusions quite valid. 

SUMMARY AND CONCLUSIONS 

1. Thiamine hydrochloride solutions, in single intravenous injections to dogs, 
causes respiratory arrest, marked but transitory' fall in blood pressure, brady- 
cardia, transitory vasodilation, and transitory changes in the electrocardiogram. 

2. Respiratory arrest is the immediate cause of death. When artificial res- 
piration is maintained until the concentration of thiamine in the blood falls to 
tolerable levels, spontaneous respiration is resumed, and the dog recovers. 
Respiratory arrest is presumed to be central in origin. 

3. The fall in blood pressure is due to vasodilation and slowing of the heart 
rate. 
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4. In the isolated perfused rabbit ear, vasodilation is due to the acidity, and 
thiamine, per se, has little or no direct effect on the blood vessels. In the intact 
animal, thiamine solutions do not cause a significant change in the pH of blood, 
nevertheless vasodilation occurs. This indicates that vasodilation is probably 
not due to direct action bn blood vessels, but may be central in origin. 

5. A depression of the isolated turtle heart perfused with Itinger plus thia- 
mine is due, essentially, to the acidity of thiamine hydrochloride solutions. In 
systems where the buffering system of the blood prevents changes of pH and 
where the central nervous system is not functioning (dog heart-lung prepara- 
tion) thiamine hydrochloride solutions are without marked effect. In contrast, 
in systems with the central nervous system intact, moderately strong thiamine 
hydrochloride solutions cause no change in pH but do cause a slowing of the 
heart, which probably contributes to the fall in blood pressure. Thus, thiamine 
itself has no direct effect on the heart, but may affect the heart indirectly, pos- 
sibly through the central nervous system. 
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Since racemic methadon has been shown to be an addicting drug (1, 2, 3), a 
study of the addiction liability of some other members of the methadon series 
was undertaken. The following compounds have been studied: The optical 
isomers of methadon 1 (dextro- and levorotary 6-dimethylamino-4-4-diphenyl- 
3-heptanone), racemic methadol 2 (G-dimethylamino-4-4-diphenyl-3-heptanol, 
the alcoholic analogue of methadon); and racemic isomethadon 3 (6-dimethyl- 
amino-5-mefhyl-4-4-d\phenyl-3-hexanone). 

Pharmacological data on these compounds are still fragmentary. Dextro- 
and levomethadon are approximately equal in toxicity when administered sub- 
cutaneously to mice (4), but the analgesic potency of levomethadon in mice is 
twice that of racemic methadon, while the analgesic potency of the d-isomer is 
less than -pj the potency of the racemate. Methadol is only 3 as.toxic as racemic 
methadon for mice, but is only xV as active in producing analgesia. It does not 
produce a Straub reaction (4), and seems to be chiefly a depressant drug in mice. 
The isomethadon used in these experiments was supplied by one laboratory 3 and 
was stated to be racemic G-dimethylamino-5-methyl-4-4-diphenvl-3-hexanone 
hydrochloride monohydrate. This material irregularly produces a Straub reac- 
tion in mice (4), andis | as toxic as methadon (4). Two mgm./kgm. of isometh- 
adon has no effects on the hindlimb reflexes of chronic spinal dogs (5). Five 
mgm./kgm. produces effects identical with those of morphine or methadon- — 
depression of the flexor and crossed extensor reflexes, exaggeration of the ex- 
tensor thrust reflex, and variable effects on the knee jerk (5). Two mgm./kgm. 
elevates the tooth pain-reaction threshold of dogs 50 to 100 per cent (5). 

In all our experiments, the hydrochlorides of the various drugs were dissolved 
in physiological saline and all doses were injected subcutaneously, except as noted 
below. 

Effects of single doses of the drugs on former morphine addicts. 
Twelve former morphine addicts, who volunteered for the experiments, agreed to 
take single doses of the various drugs. These men rested quietly in bed for one 
hour after which pulse and respirator}' rates, rectal temperatures, and blood 
pressures were determined 3 times at intervals of 30 minutes for 4 to 6 hours. 
The men were required to lie quietly in bed throughout the experiment, but were 
n °t permitted to fall asleep. They were observed carefully for evidences of seda- 

1 Supplied through the courtesy of Merck and Company, Rahway, New Jersey. 
"Supplied by Drs. N. B. Eddy and Lyndon F. Small, Notional Institute of Health, 
Bethesda, Maryland. 

’ Supplied by the Mallinckrodt Chemical Company, St. Louis, Missouri. 
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4. In the isolated perfused rabbit ear, vasodilation is due to the acidity, and 
thiamine, per sc, has little or no direct effect on the blood vessels. In the intact 
animal, thiamine solutions do not cause a significant change in the pH of blood, 
nevertheless vasodilation occurs. This indicates that vasodilation is probably 
not due to direct action bn blood vessels, but may be central in origin. 

5. A depression of the isolated turtle heart perfused with Ringer plus thia- 
mine is due, essentially, to the acidity of thiamine hydrochloride solutions. In 
systems where the buffering S 3 r stem of the blood prevents changes of pH and 
where the central nervous system is not functioning (dog heart-lung prepara- 
tion) thiamine hydrochloride solutions are without marked effect. In contrast, 
in systems with the central nervous system intact, moderately strong thiamine 
hydrochloride solutions cause no change in pH but do cause a slowing of the 
heart, which probably contributes to the fall in blood pressure. Thus, thiamine 
itself has no direct effect on the heart, but may affect the heart indirectly, pos- 
sibly through the central nervous system. 
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period of observation. In instances in which only slight or no effects were seen, 
another and larger dose of the same drug was given or, in some instances, a differ- 
ent drug was a dminis tered. The first pair of men who were withdrawn from 
morphine received a small dose of the drug being tested and, if there was no relief 
or only partial relief of the abstinence symptoms, the dose was increased on sub- 
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mnrnti; ° f nextromcthadon followed by one dose of isomethadon; 4 received one dose of 
P me. Course of untreated abstinence taken from data of Himmelsbach (6). 


sequent trials until an effective level had been found, or until it was certain the 
drug would be without effect. 

Doses of 6.25 mgm. to 22.5 mgm. of levomethadon (average 11 mgm.) caused 
a striking diminution in the intensity of the abstinence (fig. 1) which persisted 
toughout the period of observation. The degree of relief of abstinence by 
eiomethadon was greater and persisted longer than the relief afforded by 30 
0! " morphine administered to 4 of the same subjects during subsequent 
Vl dra ' v als. Levomethadon was approximately twice as potent as racemic 








306 


HARRIS ISBELL AND ANNA J. EISENMAN 


tion and euphoria by especially trained attendants. The experiments were con- 
ducted on 2 men at a time. The first pair received a small dose of the drug being 
tested. If no untoward effects were observed, the dose was raised in subsequent 
tests until there was evidence of marked effects, or until such a large dose had 
been given without effect that there seemed to be no reason to increase the 
dosage further. Two weeks after the initial tests the men were recalled and given 
various doses of the drugs intravenously after which they were carefully observed 
for sedation and euphoria. 

Dextrometliadon in doses of 15 to 90 mgm., methadol in doses of 30 to 100 
mgm., and isomethadon in doses from 15 to 45 mgm. subcutaneously, had no con- 
sistent effects on blood pressures, respiratory rates, or pulse rates in these post- 
addicts. No evidence of sedation or euphoria was observed after any of the 3 
drugs. The reaction of the men was generally one of disappointment, and they 
frequently said that they had not received any drug. The men who received the 
largest doses of isomethadon complained of being nervous and said the drug had 
effects similar to those of benzedrine. When these drugs were injected intrave- 
nously, no evidence of sedation or euphoria was noted after dextromethadon or 
methadol, but 30 mgm. or more of isomethadon intravenously regularly pro- 
duced euphoria which was manifested by increased talkativeness, etc. The men 
who received isomethadon seemed to be slightly exhilarated rather than sedated. 
Five to 15 mgm. of levomethadon was regularly followed by a depression of re- 
spiratory rate of 4 to 6 per minute, depression of the pulse rate of 5 to 10 per 
minute, and by a slight depression of systolic blood pressure. Definite evidence 
of both sedation and euphoria, which was quite marked with 15-mgm. doses, was 
noted after levomethadon. The euphoria after levomethadon was not evident 
for 1 to 1| hours after the injection and persisted for as long as 36 to 48 hours. 
The post-addicts could not distinguish the subjective effects of levomethadon 
given intravenously from those of heroin or dilaudid. Miosis was never observed 
after methadol or dextromethadon, but was regularly seen after levomethadon 
and isomethadon. Nausea and vomiting never occurred after dextromethadon, 
methadol, or isomethadon. Nausea followed levomethadon (15-mgm. dose) in 
3 instances and vomiting occurred once. 

Effects of single doses of the drugs on the morphine abstinence syn- 
drome. The effect of single doses of the various drugs on the morphine absti- 
nence syndrome was studied by administering the drugs subcutaneously to 10 
men strongly addicted to morphine (stabilization doses of 240 to 480 mgm. of 
morphine daily) 28 to 32 hours after they had received their last dose of 
morphine, and while they were showing signs of moderate to severe abstinence. 
Observations of the intensity of abstinence were made hourly from the 24th to 
the 28th to the 32d hour after withdrawal and the results scored by the hourly 
point system of Himmelsbach (6). Observations were continued for 10 hours 
after the test dose was given. The subjects were then returned to their usual 
dose of morphine for 10 days after which they were again used in testing another 
drug. In instances in which definite alleviation of the abstinence syndrome fol- 
lowed the test dose of the ding, no more medication was given throughout the 
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period of observation. In instances in which only slight or no effects were seen, 
another and larger dose of the same drug was given or, in some instances, a differ- 
ent drug was administered. The first pair of men who were withdrawn from 
morphine received a small dose of the drug being tested and, if there was no relief 
or only partial relief of the abstinence symptoms, the dose was increased on sub- 



Dextro-Methadon 

And Isomethadon! Isomethadon 


Methadol 


35 40 25 


35 40 25 30 35 40 


.Untreated . . . 
Abstinence I Morphine 


25 30 35 4 0 25 3 0 35 40 

Hours Of Abstinence 

Fig. 1. Effects of Drugs of Methadon Series on Abstinence from Morphine 

Ordinates _ average intensity of abstinence expressed m hourly points (6) Abcissae : 
hours of abstinence Arrous indicate injection of drugs 10 subjects received levometha- 
don, racemic methadon, and isomethadon, 4 received 2 doses of dextromethadon; 6 received 
one dose of dextromethadon followed by one dose of isomethadon, 4 received one dose of 
morphine Course of untreated abstinence taken from data of Himmelsbach (6) 

sequent trials until an effective level bad been found, or until it was certain the 
drug would be without effect. 

Doses of 6.25 mgm. to 22.5 mgm of levomethadon (average 11 mgm.) caused 
a striking diminution in the intensity of the abstinence (fig 1) which persisted 
throughout the period of observation. The degree of relief of abstinence by 
levomethadon was gi eater and persisted longer than the relief afforded by 30 
mgm. of morphine administered to 4 of the same subjects during subsequent 
withdrawals. Levomethadon was approximately twice as potent as racemic 
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methadon in reducing the intensity of abstinence from morphine. About 1 mgm. 
of Ievomethadon for each 9 mgm. of the stabilization dose of morphine was re- 
quired to reduce the intensity of abstinence from approximately 25 to 15 Him- 
melsbach hourly points. About 1 mgm. of racemic methadon for each 4 mgm. 
of the stabilization dose of morphine were required to effect a comparable reduc- 
tion in abstinence. Dextromethadon in doses of 30 to 90 mgm. had no detectable 
effect on the intensity of abstinence. Apparently, all the effect of racemic metha- 
don in relieving abstinence from morphine is due to the levorotaiy isomer. Sixty 
to 120 mgm. of methadol did not influence the course of abstinence in any way. 

Sixty to 90 mgm. of isomethadon (average 76.5 mgm.) reduced the intensity 
of abstinence about as much as did 30 mgm. of morphine. The duration of relief 
was 4 to 6 hours. About 1 mgm. of isomethadon for each 1.33 mgm. of the sta- 
bilization dose of morphine was required to reduce the intensity of abstinence 
from 25 to 15 points. 

Substitution of levomethadon for morphine. One mgm. of Ievomethadon 
was substituted for each S mgm. of the stabilization dose of morphine in 7 men 
who were strongly addicted to morphine (60 mgm. of levomethadon for 480 mgm. 
of morphine sulfate daily). No signs of abstinence appeared following the sub- 
stitution (fig. 2) and the Himmelsbach daily point score (7) did not rise. After 
the substitution had been effected, the dose of levomethadon was progressively 
reduced in an attempt to determine a stabilization dose. No signs of abstinence 
appeared so that a stabilization dose could not be determined. When the total 
daily dosage of Ievomethadon had been reduced to 20 mgm. daily (1 mgm. of 
levomethadon for each 24 mgm. of the stabilization dose of morphine) the dosage 
was not lowered any further. 

After 10 days substitution, the administration of levomethadon was abruptly 
and completely discontinued. Observations for signs of abstinence were calcu- 
lated according to the daily point score system of Himmelsbach (7). The pa- 
tients had no complaints for the first 2 to 3 days of abstinence; thereafter they 
complained of weakness, peculiar sensations in the abdomen, anxiety, anorexia 
and insomnia. The course and type of abstinence in 4 of the men was similar 
to those previously described after substitution of racemic methadon for mor- 
phine (1). These 4 patients showed practically no signs of disturbances of auto- 
nomic function, did not vomit, or have diarrhea. More signs of disturbed 
autonomic function were observed in the remaining 3 patients than we had seen 
in our experience with racemic methadon, but the incidence of these signs was not 
nearly so great as after the withdrawal of morphine for 38 to 42 hours in the same 
patients, and the signs were not consistently present from hour to hour in the 
same men. The average intensity of abstinence in all 7 men, as judged by the 
Himmelsbach daily point score (fig. 2), was similar to that seen after the with- 
drawal of racemic methadon (1). The point score rose slowly and did not exceed 
20 points at the end of 14 days of observation. Average rectal temperatures, 
pulse rates, respiratory rates, and morning systolic blood pressures were elevated 
above addiction means from the 3d to the 14th day of abstinence. 

Substitution of isomethadon for morphine. One mgm. of isomethadon 
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was substituted for each 1.33 mgm. of the stabilization dose of morphine (360 
mgm. of isomethadon for 480 mgm. of morphine) in 5 cases strongly addicted to 
morphine. The substitution ratio was the largest possible with the amount of 
isomethadon available at the time of the experiment, and was chosen because of 
the high doses of isomethadon required to produce good relief of abstinence from 
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Fig. 2. Substitution' of Levomethadox axd Isomethadon* fob Morphine 
Intensity of abstinence is expressed in daily points (7). A. Period of stabilization on 
morphine. B. Period of substitution of isomethadon or levo-methadon for morphine. C. 
Period of abstinence. 


morphine. Following the substitution of isomethadon mild signs of abstinence 
appeared in all 5 men. Three of the patients showed lacrimation and rhinorrhea ; 
2 vomited. Temperatures, pulse rates, and respiratory rates were elevated 
above preaddiction values in all 5 subjects. The Himmelsbach daily point scores 
were elevated to 15 points on the 3d day of substitution and remained elevated 
throughout the substitution period (fig. 2). 'While this substitution was not 
entirely adequate, it is possible that if larger amounts of isomethadon had been 
available all signs of abstinence might have been suppressed. 
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Twelve to 18 hours after abrupt withdrawal of isomethadon, all 5 men began 
to exhibit yawning, lamination, rhinorrliea, mydriasis, and gooseflesh. These 
signs are identical with those seen after the withdrawal of morphine. The inci- 
dence of disturbances in autonomic function increased until the 24th to the 36th 
hour of abstinence. Restlessness, vomiting, diarrhea, fever, hyperpnea, tachy- 
cardia, and elevation of systolic blood pressure were observed. The men’s com- 
plaints were typical of the morphine abstinence syndrome. The intensity of 
abstinence, as judged by the Himmelsbach daily point score, was less severe than 
abstinence from morphine but distinctly more severe than abstinence from race- 
mic or levomethadon. The average point score reached a maximum of 33 points 
on the 2d day of abstinence, declined slowly and irregularly thereafter, but was 
still elevated above 20 points at the end of 14 days of observation. 

Direct addiction to isomethadon. Ten post-addicts, who had been absti- 
nent from morphine for 3 months or more, volunteered to take isomethadon ex- 
perimentally for 42 to 59 days. They had no significant physical defects and 
were all diagnosed psychiatrically as having psychopathic personalities. Iso- 
methadon was administered subcutaneously 4 times daily. The initial dosage 
was 80 mgm. daily and was increased as rapidly as tolerance permitted to 270 to 
360 mgm. daily. The precautions listed by Kolb and Himmelsbach (7) weie 
followed and observations for signs of abstinence (7) were made 3 times daily, by 
observers especially trained in Himmelsbach’s methods, for 4 days before addic- 
tion was begun, throughout addiction, and for 14 days after withdrawal. Blood 
counts, urinalyses, cephalin-cholesterol flocculation tests, and fasting blood 
sugars were obtained before addiction, once every 2 weeks during addiction, and 
on the 2d, 7th and 10th days of withdrawal. 

When the men first began to receive the drug, they became somewhat exhila- 
rated after the 2d to the 4th dose, laughed and joked with each other, and were 
much more active than before beginning addiction. Total hours of sleep per day 
were reduced in the first few days of addiction. Some men did not sleep at all in 
the first 48 hours of addiction. After a day or two most of the subjects com- 
plained of nervousness, which, in two instances, became so severe as to require 
reduction in dosage or omission of doses. After about a week most of the men 
gradually became less exhilarated, and, as the dosage was increased, they began 
to exhibit signs of sedation, stayed in bed more, and slept more than before be- 
ginning the experiment. They never showed as marked a degree of sedation as 
did men addicted to methadon (1) or morphine. Seven of the patients continued 
to work throughout the experiment and there was little deterioration in their 
performance. They did not neglect their personal appearance and quarters as 
much as did men addicted to methadon or morphine. After the initial phase of 
exhilaration had passed, the men were disappointed with the effects of the drug 
and said that it was about equal to codeine in euphoric effect. In the 2d and 3d 
weeks of addiction they frequently requested elevations in the dosage, but there- 
after asked for no more increases and seemed to tolerate further elevation in 
dosage as a necessary evil. None of the men asked to be dropped from the experi- 
ment, and all maintained their good humor with each other and with the attend- 
ants throughout the addiction period. 
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Early in the addiction period, changes in pulse and respiratory rates, and rest- 
ing systolic blood pressure were less marked than during addiction to either 
morphine or methadon. As the dosage was elevated, systolic blood pressure fell 
7 to 10 mm. Hg, the pulse rate was slowed 15 per minute and the respiratory rate 
6 per minute. Rectal temperatures were unchanged. Caloric intake and body 
weight declined. All the patients complained of severe constipation. Miosis 
was noted in all men in the first week of the experiment and persisted throughout 
addiction in 3 subjects. No serious toxic effects were observed other than the 
development of induration, inflammation, and numbness of the skin over the 
injection sites. Cephalin-cholesterol flocculation tests, urinalyses, fasting blood 
sugars and total white blood cell counts were unchanged throughout addiction. 
Occasionally eosinophilia of 5 to 11 per cent was noted in differential white blood 
cell counts. A mild normochromic, normocytic anemia developed in the second 
month of addiction. Red blood cell counts fell from preaddiction levels of 4.36- 
4.97 millions in the preaddiction period to 3.59-4.38 millions per cu. mm. in the 
second month of addiction. Hemoglobin values declined from 13.8-15.2 grams 
to 10.8-12.6 grams per 100 cc. The anemia was improving at the end of the 
addiction period. 

Isomethadon was abruptly withdrawn from one man after 42 days addiction 
and from- the remainder after 56 days addiction. An abstinence syndrome en- 
sued which was indistinguishable from the abstinence syndrome described under 
Substitution of Isomethadon, except that the onset of abstinence was more vari- 
able in the group of men who had been directly addicted to the drug than in the 
substitution group. Four men exhibited well developed signs of abstinence 12 
hours after the last dose; 5 did not show signs until the 18th hour of abstinence. 
Qualitatively, the isomethadon abstinence syndrome resembled withdrawal of 
morphine more than withdrawal of methadon. Quantitatively, it was not as 
severe as abstinence from morphine, became manifest and subsided at about the 
same rate (fig. 3). Abstinence from isomethadon began sooner, was more severe, 
and declined more rapidly than abstinence from methadon. 

Discussion. Dextromethadon and methadol do not appear to possess addic- 
tion liability and, since they are not effective analgesics, they need not be consid- 
ered further. Levomethadon definitely has addiction liability. It produces 
intense euphoria in former morphine addicts, relieves abstinence from morphine, 
and suppresses signs of abstinence when substituted for morphine in cases 
addicted to that drug. F olio wing withdrawal of levomethadon after substitution 
for morphine, a definite abstinence syndrome appears which is quite similar to the 
abstinence syndrome after withdrawal of racemic methadon. Levomethadon 
appears to account for all of the addiction liability of racemic methadon as well 
as for all of its analgesic action. 

Isomethadon must also be classed as an addictive substance. It is much less 
active in inducing euphoria than are methadon and morphine and also does not 
seem to produce as marked a degree of habituation (emotional dependence) as do 
methadon and morphine. It will, however, relieve abstinence from morphine 
and suppresses, in part at least, signs of abstinence when substituted for mor- 
phine. Definite evidence of physical dependence of a moderate grade was seen 
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after withdrawal of isomethadon both after substitution for morphine and after 
direct addiction for 42 to 59 days. 

The quick onset and morphine-like course of the isomethadon abstinence syn- 
drome is strikingly different from the slow onset and mild, slow course of absti- 



Eig. 3. Intensity of Abstinence Following Withdrawal of Isomethadon 
after Experimental Addiction for 42 to 59 Days 
Averages of 10 cases. Upper curve : Onset of abstinence from isomethadon as compared 
to onset from morphine. Intensity expressed in hourly points (6). Lower curve: Course 
of abstinence from isomethadon compared to abstinence from morphine. Intensity of ab- 
stinence oxpressed in_ daily points (7). Solid line shows intensity of abstinence from iso- 
methadon. Dotted line shows intensity of abstinence from morphine based on 65 cases of 
Kolb and Himmelsbach. 


nence from methadon. There is as yet no adequate explanation for the diversity 
of these two abstinence syndromes, but the differences might possibly be ac- 
counted for by differences in the storage or rate of metabolism of the two drugs. 


summary 

1. Methadol and dextromethadon do not produce euphoria in post-addicts and 
will not relieve abstinence from morphine. 
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2. Levomethadon produces euphoria in post-addicts, relieves abstinence from 
morphine, and suppresses signs of physical dependence when substituted for 
morphine in cases stiongly addicted to moiphine. Following withdrawal of 
levomethadon, after substitution for morphine, an abstinence syndrome develops 
which is identical with the syndiome of abstinence fiom racemic methadon. 
Levomethadon accounts for all the addiction liability of racemic methadon. 

3. Isomethadon in sufficient dose intravenously pioduces euphoria in post- 
addicts, relieves abstinence from morphine, and partially suppresses signs of 
abstinence when substituted for morphine in cases addicted to that drug Fol- 
lowing withdrawal of isomethadon, after substitution for morphine, or after direct 
addiction of former morphine addicts to isomethadon for 42 to 59 days, an absti- 
nence syndrome develops very rapidly. The isomethadon abstinence syndrome 
resembles abstinence from morphine more than abstinence from methadon. Iso- 
methadon is an addicting drug. 
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The comprehensive program of synthesizing new analgesics initiated and car- 
ried out by Lee and coworkers (1-3) has yielded compounds with considerable 
potency (4). Chemically they areT-, 4-, 4-substituted piperidines. It is well 
known that isomerism has great influence on pharmacological potency. Pursu- 
ing their program Lee and associates introduced an additional substituent into 
the 3-position which of necessity yielded different isomers. We have studied the 
pharmacological properties of a number of such 3-substituted piperidine deriva- 
tives in addition to a series in which substitution on the 3-carbon atom was 
omitted. The structural relationship of the former to meperidine and methadon 
is demonstrated below': 



CH 3 

Nu-1938 Meperidine Methadon 

l-methyl-3 -ethyl-4- l-methyi-4-phenyl- 6-dimethyIamino-4,4- 

phenyl-4-propionoxy pipendine-4-carboxylic diphenyl-3-heptanone. 

piperidine. acid ethyl ester. 

Methods. Toxicity determinations of the 3-substituted piperidine derivatives were 
made on albino mice, rats and rabbits by various routes. The LD50 values and their stand- 
ard errors were calculated by a graphical method (S). Toxicity of the remaining compounds 
was determined in mice by subcutaneous administration. 

Analgesia was measured by a modification of the method of Hardy, Wolff and Goodell (6) 
which was previously described (4). The normal reaction time to a constant heat stimulus 
was measured in triplicate. After subcutaneous or oral administration of the compound to 
be tested, the reaction time was measured at 30 minute intervals for two hours. The maxi- 
mal increase in per cent was used as a measure for analgesic potency. Preliminary tests 
were carried out on five rats for each dose level and larger numbers of animals were used for 
determining analgesic potency of the more active compounds. The method of Bliss and 
Marks (71 was applied for calculating the potency in terms of morphine sulphate or meth- 
adon. 
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Spasmolytic action was estimated on isolated rabbit’s and guinea pig’s intestine sus- 
pended in Locke’s solution against spasm induced by acetylcholine, histamine and barium 
and compared with the effects of atropine, epinephrine and papaverine respectively. In 
addition, the action of the more potent compounds after intravenous administration has 
been studied on spontaneous jejunal motility in two trained unanesthetized dogs with 
Thiry-Vella fistulas. Eighteen injections were made in 9 experiments. 

The effect on respiration was observed in rabbits sedated with 15 mg./kg. of pentobarbital 
intravenously. Using a two-valve system, the expired air was collected in a calibrated 
spirometer provided with a damping vane in oil (8) to obtain adequate sensitivity. Re- 
spiratory rate and minute volume were observed before and at constant intervals after the 
intravenous injection of the nore potent preparations. At least three animals were used for 
each dose level. 

Results. Analgesic action and toxicity. The data on analgesic activity and 
toxicity of the 3-substituted piperidine derivatives in comparison with morphine 
and methadon are compiled in tables 1 and 2. Of these compounds, Nu-1196 
and Nu-1779 are diastereomers and Nu-1831 and Nu-1832 are the resolved optical 
antipodes of Nu-1779. There is little difference in toxicity among these isomers 
regardless of species and route of administration but a marked difference in 
analgesic activity is evident. On subcutaneous administration, the potency of 
Nu- 1196 is about the same as that of morphine and methadon, whereas its dias- 
tereomer, Nu-1779, is five times as active. Its levo isomer, Nu-1832, is twice as 
potent as the dextro isomer, Nu-1831. The 3-ethyl derivative, Nu-1932, is 
slightly less toxic but has about the same analgesic activity as the 3-methyl iso- 
mer, Nu-1779. These compounds are also active when administered orally. 
The potencies relative to methadon under these experimental conditions are about 
the same as those obtained after subcutaneous administration. 

Figure 1 illustrates the linear relationship which exists between analgesic re- 
sponse and log of dose. If the percent increase in reaction time obtained after 
subcutaneous administration (table 1) is plotted against the log of the dose, the 
following order of decreasing potency is apparent: Nu-1832, Nu-1932, Nu-1779, 
Nu- 1831, morphine sulfate and Nu-1196. The straight lines drawn in figilre 1 fit 
the experimentally found points fairly well, considering that the error of any in- 
dividual assay is about 20 percent and that a four-fold increase of the minimum 
analgesic dose is about the limit of the response range. 

The results obtained from a tolerance test with three of the more potent 
analgesic agents in comparison with morphine are plotted graphically in figure 2. 
The compounds were injected daily by the subcutaneous route into groups of 10 
rats each and analgesic tests were carried out after the first injection and at 
weekly intervals thereafter for a period of seven weeks. The doses used were as 
follows: morphine, G mg./kg.; Nu-1196, 6 mg./kg.; Nu-1832, 1 mg./kg.; and 
Nu-1932, 1 mg./kg. From the curves it is evident that tolerance develops rap- 
idly to morphine and Nu-1932, less rapidly to Nu-1832, and not at all to Nu-1196 
within a period of seven weeks. 

Growth rates which were observed during the tolerance test showed that the 
average weights of the treated rats including those which had received morphine 
w-ere about 15 percent lower than the controls at the end of the seven weeks 
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TABLE 1 


Analgesic effects of 1 ,3-dialkyl-4, 4-disulslituled. piperidine compounds 




ANALGESIA SUBCUTANEOUS 

ANALGESIA ORAL 

HU- i 

NAME 



Per 

Potency: 


| 

Per 

Potency: 



Dose 

No. 

rats 

cent 

in- 

per cent of 
morphine 

Dose 

No. 

rats 

cent 

in- 

per cent of 
Jlethadon 





crease 

± s.e. 



crease 

db s.e. 



m.l 




«c ./ 






kg. 




kg. 




1196 

dl - a - 1,3 - Dimethyl -4 - 

1.5 

15 

28 

97 ± 16 

5 

5 

15 

140 ±45 


phenyl - 4 - propionox}' 

3.0 

15 

61 


10 

10 

66 



piperidine hydrochloride 

6.0 

15 

156 


20 

10 

122 


1779 

dl - 0 - 1,3 - Dimethyl - 4 - 

.25 

35 

21 

550 ± 51 

2 

10 

49 

420 ±80 


phenyl - 4 - propionoxy 

.50 

35 

75 


4 

10 

105 



piperidine hydrochloride 

1.0 

35 

130 


S 

10 

10S 


1831* 

d - 0 - 1,3 - Dimethyl - 4 - 

.5 

15 

33 

350 ± 22 

2 

10 

56 

390 ±81 

phenyl - 4 - propionoxy 

1.0 

15 

89 


4 

10 

77 



piperidine d-acid tar- 
trate (higher melting 
enantiomorph) 

2.0 

15 

171 


8 

10 

12S 


1832* 

1 - 0 - 1,3 - Dimethyl - 4 - 

.25 

15 

38 

790 ± 51 

2 

10 

59 

505 ±93 


phenyl - 4 - propionoxy 

.50 

15 

116 


4 

' 10 

140 



piperidine d-acid tar- 
trate (lower melting 
enantiomorph) 

1 0 

15 

1 

170 

' 


8 

10 

154 


1215 

1,3 - Dimethyl - 4 - cyclo- 

3 

5 

21 

30 






hexyl - 4 - propionoxy 

6 

10 

40 







piperidine hydrochloride 

! 9 

15 

130 






1959 

1 - Methyl - 3 - ethyl - 4 - 

1 3 

15 

41 

43 ± 19 






phenyl - 4 - acetoxy pi- 

G 

15 

108 







peridinc hydrochloride 

12 

15 

150 






1932 

1 - Methyl - 3 - ethyl - 4 - 

.25 

10 

23 

640 ±120 

2 

10 

75 

430 ±SS 

. 

phenyl - 4 - propionoxy 

.5 

10 

100 


4 

10 

76 



piperidine hydrochloride 

1.0 

20 

146 


s 

10 

120 



Morphine 

1.5 

85 

37 

100 







3.0 

85 

70 




1 




6.0 

85 

146 




1 

J 



Methadon 

1 5 

5 

30 

99 ± 25 

5 

10 

11 J] 

100 



3 0 

5 

ss 


10 

10 

20 



i 

6.0 

5 

144 


20 

10 

64 j 




period. Tlie weight loss was presumably due to the reduced food intake. In 
addition, red and white cell counts and hemoglobin determinations, made at the 
outset of the tolerance test and seven weeks later, did not reveal any significant 





TABLE 2 

Toxicity, spasmolytic and respiratory effects of 1 , 3 -dialk<M, 4 -disubstilulcd piperidine compounds 
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Ratio to 
morphine 


9.5 

5.1 

7.5 



3.3 

1.0 

2.9 

to 

H 

E 

2 

S 

z 

o 

s 

&> 

M 

M 

Dosewhich 
decreases 
50 per cent 

U3 

H 

cro 

0.35 

0.24 



1 0.55 

CO 

0.62 

d a 

5.2 

O - 

nil, 

22 

23 

03 r~- 

S-~I CO 

03 O 

T-i CO 

© f'- 
04 OJ 



00 

03 CO 

l>- o 

03 «r 

© o 
-r< *r 

a s 

Rate 

© © 

03 © 

23 

74 

CO © 

CO -i* 

r— co 

CO o- 



44 

79 

22 

43 

05 05 

oo r- 


u3 

O V 

Minute 

volume 

— t IO 

05 © 

25 

59 

ss 

03 

CO t>- 



IO © 

-r © 

05 l6 

© 03 

co r>- 

DOSE 

M 

*«c 

E H Cl 

0.125 

0.25 

0.175 

0.35 

0.175 

0.35 



0.5 

0.75 

© © 
r-4 03’ 

IO © 

© 1-H 

M 

M 

z 5 
o 3 

«* 3- Cl**} 


o 

© 

© 



03 

\ 



z 2 

o < 

fi 

EE 

« 

•S 

a 

(epine- 
phrine— 1) 

1/200 

1/200 

1/200 

I 

1/100 


1/400 



S! 

8 

*) i 

*-S £ 

Ilf 

S. 

1/700 

1/1000 

1/1000 

1/1000 

1/500 

1 

<1/1000 

0001/1 




3 m 

, 22 

o- 





oo 





oral 

s 

g 





IO 

N 
»— t 


s 

H 

n 

•H 

6 

u 

a 

•d 

« 

05 

-H 

g 

© 

■H 

CO 





IO 

di 

s 


© 

di 

lO 

** 

< 

d 

* 

! 

u 

_o 

55 

CO 

-H 

IO 

•— t 

100 cfc2$ 

3 

di 

8 

80 ±18 

© 

di 

IO 

r-~ 

© 

■*r 

150 ±30 

360 ±18 

© 

U 

00 

-r 

1 

Mice i.p. 

ci 

di 

a 

88 ±27 

© 

di 

O 

H 

gs 

■H 

N 


158 ±17 

13G ±16 




> 

32 ± 5 

i 

lO 

-H 

r^* 

CO 

W 

5 

CO 

IO 

39 ± 7 



57 ±10 

230 ±25 

20 ± 5 

3 

5< 

1190 

1779 

1831* 

1832* 

1215 

1959 

1932 

O 

.5 

u 

O 

M 

o 

«3 

*2 


The doses of Nu-1831 and Nu-1832 are calculated in terms of the hydrochlorides. 
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difference between treated and control groups. Macroscopic examination at 
autopsy did not reveal any pathological organ changes. 



Fig. 1. Dose-Response Curve of 3-Substitdted 1 -Methyl, 4-Phentl, 
4-Propionoxv Piperidines in Rats 

Abscissa: log of dose, mg. per kg.; ordinate: per cent increase in reaction time 



weeKs 


Fig. 2. Tolerance to 3-Substituted 1-Metiivl, 4-Phexvl, 
4-Propionoxy Piperidines in Rats 
Abscissa: weeks; ordinate: per cent increase in reaction time 

The results obtained on analgesic activity and toxicity of the remaining 43 
piperidine derivatives are presented in table 3. Only 8 of these compounds shoo 
measurable analgesic activity. Of the active 4-cyclohexvl-4-propionoxy deriva- 
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tives the 1-methyl derivative (Xu-1333) is about two-thirds, the 1-isopropyl 
derivative (Xu-1406) about one-third and the 1-butyl derivative (Xu-1109) about 
one-sixth as active as morphine. Only very weak analgesic effects are observed 
with 5 other derivatives (Nu-1304, Xu-1077, Xu-1056, Xu-1820 and Xu-1334). 
There is no correlation of the toxicity of these compounds with their analgesic 
activity. 

Action on respiration and arterial pressure. Only the five most active com- 
pounds have been tested. Respirator,’ rate and minute volume of rabbits were 
diminished by all five preparations (table 2). The doses which decreased minute 
volume by 50 per cent were calculated. It may be noted that a certain paral-* 
lelism exists between the degree of respiratory’ depression and analgesic activity, 
that is, the more potent analgesics are the 'more potent respiratory’ depressants. 

The compounds listed in table 1, when injected intravenously’ into dial- 
urethane anesthetized dogs in doses of 1-4 mg. per kg., produce a moderate fall 
in arterial pressure and slowing of the heart rate. Tolerance to the depressor 
effect is frequently- observed with all compounds on repeated administration. 
The inhibitoiy’ effect on the heart rate seems to be of central origin since it is 
abolished by’ bilateral vagotomy. 

Action on intestinal motility. All compounds if used in sufficiently high con- 
centrations abolish spasm of isolated intestinal strips induced by acetylcholine, 
histamine or barium chloride. Spasmolytic potency is, however, universally low 
(tables 2 and 3). 

Three of the more potent analgesics, Xu-1 196, Xu-1779 and Xu-1932, injected 
intravenously’ in a dose of 1 mg. per kg. into dogs with Thiry’- Vella fistulas, pro- 
duced an immediate rise of intestinal tone which in some instances lasted as long 
as two hours. A typical record is seen in figure 3. The discrepancy’ between 
“in vitro” and “in vivo” action of these compounds suggests that the latter is due 
to central vagal stimulation. 

The stimulation of the intestine in the whole animal indicated the possibility- 
of an inhibitory- action of these compounds on cholinesterase, since it has been 
shown (9, 10, 11) that morphine has some anticholinesterase activity’. We have 
studied the effect on cholinesterase “in vitro” of three of the more potent piperi- 
dine derivatives in comparison with morphine, methadon and meperidine. The 
cholinesterase activity was measured according to the manometric method of 
Ammon (12), using a purified cholinesterase from the electric eel, kindly- supplied 
hv Dr. D. Xachmansohn of Columbia University. Determinations were usually’ 
made in duplicate and a total of 46 measurements were carried out. The average 
per cent inhibitions are given in table 4, showing that the anticholinesterase 
activity of the piperidine derivatives is about | to 4 of those of morphine and 
methadon. 

Discussion. In a previous paper from these laboratories (4) it was shown that 
bv reversing the ester group, the analgesic potency- of meperidine could be en- 
hanced many’ fold and that optimal analgesic action is attained with l-methyl-4- 
phenyl-4-propionoxy-piperidine. This is in accordance with our findings which 
demonstrate that any- change of these three substituents diminishes or abolishes 
analgesic potency. 



TABLE 3 

Toxicity, analgesic activity and spasmolytic activity of 1 -alkyl-4, 4-disubsliluled piperidine compounds 
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SPASMOLYTIC ACTION ON ISOLATED 
intestine AGAINST 

Ba 

(papav« 
crinc *» 1) 

1/10 

1/14 

<1/10 

1 

1/5 

1/2 

1/4 • 

1/2 

1/2 

fti 

1/500 

<1/1000 

1/500 

1/500 

<1/100 

1/150 

1/50 

1/250 

1/600 

1/3000 

1/250 

1/100 

Acetylcholine 
(atropine =» 
t) 

1/1000 

<1/1000 

1/200 

<1/1000 

<1/1000 

1/1000 

1/1000 

1/300 

<1/1000 

1/1000 

1/1000 

1/1000 

ANALGESIA 

Percent 

increase 

O O O N tfl o » C > CO O <M 115 W Ifl O 

t—s •—< •— < CO i-h ^ CM t-h CO 

S.C. 

Rats 

Dose 

me. /kg. 

100 

100 

50 

50 

50 

32 

16 

25 

50 

15 

4 

10 

25 

25 

TOXICITY 
S.C. MICE 

LD50 

mg./kg. 

450 

700 

200 

200 

>300 

100 

175 

250 

70 

100 

350 

“w S 

« « 


O' 3 

o coo ft o o O O o 

0000X0 o o o o 

OttOOO O o o H o o o 

ooooo So o o o o o 

o 


g§§85 0 0 1 0 0 0 0 

« 

ddddd doc 5 d d <d d 

3 

Z 

1168 

1059 

1060 

1061 

1101 

1820 

1907 

1187 

1107 

1108 

1109 

1188 
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1002 C,H, OCOCFIj 450 50 10 <1/1000 1/500 


SPASMOLYTIC ACTION ON ISOLATED 
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TABLE 3 — continued 
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We found, however, that the introduction of alkyl into the 3-position of 1-, 4-, 
4-substituted piperidines yields, when tested in rats, the most potent analgesics 


jejunum (nu«y a ^IUj 


v» 

* 

Nu-»96 
tm 3 /Kg ' }.V. 


I 


•V 

Nu-1932 
imo/Kg ,:.v. 



Fig. 3. Unanesthetized Trained Dog, 22 Kg., Thiry-Vella Fistula 
Jejunal motility, upstroke = contraction, time in minutes. At arrows, upper record 
N 11 -1 19 G, 1 mg. per kg., lower record, Nu-1932, I mg /kg. Injections into saphenous vein. 
Experiments one week apart. 


TABLE 4 

Cholinesterase inhibition in vitro 



MOLAR CONCENTRATION 


.0015 

.001 J .006 | .0075 | .015 
Per cent inhibition 

.05 

Morphine 

16 

36 

46 


65 


.00G 

Methadone 

14 

22 

51 


67 


.006 

Meperidine 




5 

17 

3D 

>.03 

Nu-1196 




11 

29 

6S 

.02 

Nu-1779. 




0 

19 

65 

.02 

Nu-1932 




34 

65 

93 

.01 


not derived from morphine. These are the compounds, Nu-1779, Nu-1831, 
Nu-1832 and Nu-1932. Most striking is the influence of stereoisomerism, best 
illustrated by comparison of the analgesic potencies of the diastereomers, Nu-1196 
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and Nu-1779. The potency of the latter, which is 5— <3 times that of morphine, is 
even surpassed by its levo-antipode, Xu-1832. However, substitution in the 
3-position has not consistently increased activity; Nu-1333 (table 3) is more po- 
tent than the corresponding 3-substituted compound, Nu-1215 (table 1). It 
seems that the sterie arrangement of the substituents in the 3- and 4-positions 
determines the degree of analgesic potency. According to Lee (13) it is highest 
when the configuration of the substituents in the 3- and 4-position resembles that 






els f:ta, rw»n 


Fig. 4. The assignment of cis and trans configurations is not rigidly established butseem s 
probable. It is dependent on the easier breakdown of Prep. Xu-1196 under hvdrolvt ic 
conditions (adjacent hydrogen and propionoxy residues) and upon the physiological results 
reported here in relation to the known high activity of dihvdrodesoxymorphinc-D. Simi- 
larly the designation of D- and L- for the enantiomorphs, Xu-lS31 and NU-1S32, is arbitrary 
since the optical rotation is too small to be observable. It is here assumed that the more 
highly active compound, Xu-lS32, is more closely related to dihydrodesoxymorphine-D 
which has a levo rotation (13). 


of morphine, as it is apparently the case with Xu-1779 but not with its diastereo- 
mer, Nu-119G (fig. 4). 

Qualitatively the more active compounds resemble morphine in their pharma- 
cological action. In adequate doses they produce slowing of the heart rate, sali- 
vation and increased intestinal motility presumably due to central vagal stimula- 
tion. It seems unlikely that the weak anticholinesterase activity could be an 
important factor for the intestinal effect in the whole animal. 

SUMMARY 

A series of 50 derivatives of piperidine have been studied for analgesic action 
and other pharmacological properties. 

Maximal analgesic potency is attained by introducing an alkvl group into the 
3-position of these 1-, 4-, 4-substituted piperidines. Sterie configuration deter- 
mines the degree of analgesic potency. Four of these preparations are from four 
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to eight times as potent os morphine. Qualitatively these compounds resemble 
morphine in pharmacological action. 
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Certain flavonoid compounds, so-called Vitamin P substances, are of interest 
pharmacologically in connection with their ability to decrease capillary per- 
meability (1). A postulated mechanism of this action involves the inhibition 
of epinephrine destruction systems in the body (2). Many of the fiavonoids 
will inhibit epinephrine oxidation in vitro and the reaction appears to be associ- 
ated with either the reducing power or metal chelating capacity of adjacent 
phenolic groups (catechol structure) (3). One assay technique which is being 
used to determine the relationship of chemical structure to activity measures the 
potentiation of epinephrine relaxation of isolated rabbit gut by the vitamin P 
compounds. Results of the gut assay indicate that the most active compounds 
possess an orthodihydroxy grouping in conjunction with the basic flavonoid 
nucleus (4). 

In view of the potential therapeutic value of the fiavonoids a survey of their 
influence on certain isolated enzymes is being conducted with the hope that the 
data may prove useful in explaining and forecasting results in vivo. In addition, 
the problem is of interest to the author because of its bearing on a study being 
made of the protein-combining abilities of unsaturated ketones (including 
fluinones) and acids. Any ortho- or para-diphenol must be considered as a 
Potential quinone in biological systems. In this study a typical flavonoid con- 
taining the catechol grouping, 2',3,4-trihydroxy chalcone (I) and its non- 
catechol methoxy derivative, 2' ,4-dihydroxy-3-methoxy chalcone (II) were 
tested for effects on succinoxidase. 



I II 


There are a number of reasons why succinoxidase was chosen for an initial 
study of flavonoid reactions with enzyme systems. It offers the advantages of 
ease of preparation and assay and interest due to its widespread occurrence in 

1 Supported in part by a grant from the U. S. Public Health Service. 
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lying cells and its purported importance in metabolic foodstufT degradation. 
Alore important, the enzyme contains components which have characteristics 
of particular interest in respect to possible flavone reactions, namely, an SH- 
~ens! u e e ij rogenase, and ti\ o oxidase proteins, cytochrome c and cytochrome 
oxidase which contain metals essential for their activity. Because of the ortho- 
diphcnohc nature of the fiavones with which we are concerned and the conse- 
quen possi 1 lties for oxidation involving qm'none formation, there exists the 
oppor uni y or reaction with thiol groups of proteins. Succinoxidase and some 

icr pro eins m which an intact SH is essential to activity liave been shown to 
e extreme y sensitive to traces of quinones (5). On the other hand, the fiavones 
rc viiown o e metal-chelating agents. Thus, it is reasonable to look for special 
e ec s on enzyme systems containing metallic components. It is of further 
npor once to etermine whether flavone chelation can protect SH-sensithe 
enzymes from the well known merenptide type of heavy metal toxicity for which 

nopropano (BAL) has recently proved to be such a valuable therapeutic 
ie\ersmg agent 

cn stnlhno - » 3 > 1 tril'J<iro\y chalconc and its 3 methyl ether were pure yellow 

The cornnmn ,) P ” S , ® toc * v solutions were made up in redistilled propy lene gly col 
n O lTfZ Jn *?<? !' ^ mS0,Ub '° ' n " atM 011 the aald of neutrality 0 l ee ol 
solution for f V'° C,iaao " e m P r opjlcne glycol added to 2 9 cc.of water remains in 
of the nhenohe "r l0Uts t icn K f arfuaffy precipitates Because of the acidic character 
e0mp0U,llis arc ■»creas.n g[j soluble at higher pH 0 1 cc of 
Lff r f chalconc in propylene glycol added to 2 9 ce of 0 05 M phosphate 

% £rb,ng r r :r ,nS ■“ S0lUtlOa T1,C frec ac,d 18 »•““ ,on P , a tery 

Pr 'Z mt,0tl " “ smular t0 thos « often used in w orh w ,th this enzx me 
Z ? T; t0 30 °- 8ram rat " aS C0Qled and *»«*«» On a micro Waring 
filtered throueh it "Z conta ! nmS 1 0 ec of 1 noetic acd The mince was 
conical centnfuce Tl “ “ nd ccatnfu « cci for 10 minutes at 12,000 RPM in a Son all 
of cold water with thJin suparnntant aas discarded and the solids resuspended m 40 cc 
natnnt aaam disrar Id *1 i arin . s ^ 10 suspension w as centrifuged as before, the super 

this suspension 1 Z it 7 * mado Up t0 a totat ' ^ «e One half ce of 

this suspension n as used for enzyme acta ity determinations The OO- w ith added ct to- 

the co d retains its acta ity for 24 hours « ithout significant Joss 
and an excess '^tr* tochromc c in order to attain maximum succinate oxidation 
proZnre onlZ and e ' pe , r ' n,onts C > ° w as prepared according to the 

stored as the lvnnt t * 7 (0 except ttiat it was diahscd against distilled water not! 
or of‘red e ? h h ^ PUnt> "« check ° d <» measurement of the absorp 

En ,Zn ?t / f0m ' S at 550 »■ * DU Beckman Spectrophotometer 

rJZZlnt ZY '7 determ,ncd j n standard Warburg equipment, by manometr.c 
air nt TST l „ 2 consuai P tlon during the conversion of succinate to fumarnte m 

buffers' 0 r n o eont “ ined 0 5 ce of '“1™ suspension, 0 5 cc of 0 5 M phosphate 
buffers, 0 3 cc of 0 2 U sod, urn succinate, 0 1 cc of cytochrome c (1 0 mg ), 0 2 cc of 15% 
potassium hydroxide m the center cup, inhibito, and actuator solutions, and water to a 
total volume of 3 2 cc 


- These compounds were supplied by my associate Dr W G Clark and had been pre- 
pared by Dr T A Geissman of the l.naersity of California at Los Angeles 
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TABLE I 


Inhibition of Succinoxidasc by 2' ,3 ,4-trihydroxychalcone ( THC ) 







CONC- THC 

Krar 

F2TPABATI0N 

PH 

TTVT. 



/O 

INHIBITION 

(hoiar) 

Sacdnate 

Sacdnate-THC 






213 

6.S 

10-20 

so 

71 

12 

1 X 10-' 

216 

8.2 

10-20 

49 

25* 

49 

4 X 10- 5 

217 


10-20 

42 

21t 

50 

4 X 10- s 





23} 

48 


218 

8.2 

10-20 

44 

29§ 

15} 

34 

40 

4 X 10- 5 



20-30 

25 

125 

52 



6.8 

0-10 

91 

61 

33 



10-20 

57 

21 

63 


236 

7.4 

0-10 

115 

9 

92 

1 X 10-* 

10-20 

56 

6 

89 


8.2 

0-10 

41 

0 

100 



10-20 

30 

0 

100 





155 

90 

42 



Hiltc--'' 

112 

74 

34 


238 

7.4 


159 

121 

11 

5 

93 

96 

1 x io-< 


S.2 

0-10 

14 

0 

100 



10-20 

10 

0 

100 




0-10 

115 

77 

33 


244 


10-20 

95 

65 

31 

5 X 10- 5 

8.2 

0-10 

43 

21 

51 


10-20 

2S 

16 

43 



6.S 

0-10 

67 

55 

18 



10-20 

62 

46 

| 26 


245 

7.4 

0-10 

S9 

55 

, 3S 

1 x io-* 



10-20 

71 

30 

5S 



! 0-10 

27 

j 0 

100 




10-20 

i 22 

i 0 

1 

1 100 



o.s 

0-15 

| ss 

1 4S 

| 45 



15-30 

; 62 

22 

| 65 


247 

7.4 

0-15 

87 

0 

1 100 

1 x io-* 



15-30 

6S 

0 

1 100 


S.2 

0-15 

15 

0 

1 100 

i 


15-30 

! 6 
\ 

i o 

! ioo 

1 


* THC added to enzyme 3 mins, before succinate. 

] THC and succinate added to enzyme simultaneously. 
X THC added to enzyme 10 mins, before succinate. 

§ THC added to enzyme 5 mins, after succinate. 
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TABLE X — Continued 


E.VZYUX 

rREFARATlQN 

pH 

time 

INTERVAL 

*1. Ol CONSUMED 

% 

CCWC-THC 

(MOIA1) 

Succinate 

Succinate-THC 




0-10 

62 

36 

42 



10-20 

53 

35 

31 


250 


0-10 

10-20 

67 

56 

13 

7 

81 

87 

5 X 10"* 


8.2 

0-10 

33 

0 

100 



10-20 

23 

0 

100 



7.4 

8.2 

0-10 

SS 

ID 

78 


251 

10-20 

0-10 

55 

26 

7 

0 

87 

100 

5 X 10"* 


10-20 

23 

0 

100 



Results. In Table I are presented data showing the range and potency of the 
inhibition of succinoxidase by 2',3,4-trihydroxy chalcone (THC) under condi- 
tions of varying concentrations, acidities and enzyme preparations. Although 
there is a considerable variation in the per cent inhibition figures with different 
preparations, it is readily apparent that THC induces a very strong inhibition 
of succinate oxidation, an effect which is markedly enhanced with increasing pH. 
For example, with enzyme A' 250 the inhibitions produced by 5 X 10~ S M THC 
were 45% at pH 6.8, 81% at pH 7.4 and 100% at pH 8.2. 

Substrate in contact with the enzyme before treatment with THC does not 
protect the protein, as is demonstrated in Table I, preparation #218, where 
approximately the same degree of toxicity resulted whether the THC was added 
to the enzyme ten minutes before adding succinate or ten minutes afterwards. 

The THC, at a concentration (1 X 10 -1 Af) and pH (8.2) which give complete 
inhibition of succinoxidase, does not affect cytochrome oxidase activity as 
measured by catalysis of catechol oxidation with the washed rat liver mince 
(Table II), thus indicating that the site of action is on the substrate activating 
dehydrogenase. Experiments to check this point further by using the methylene 
blue anaerobic technique were unsuccessful because of the formation of an in- 
soluble combination between the dye and the flavonoid. 

Glutathione (GSH) was able to prevent completely the succinoxidase inhibition 
when mixed with the enzyme before addition of THC. However, when the 
THC was added to the enzyme followed by the introduction of GSH, there re- 
sulted no reversal of the inhibition. Apparently the glutathione will combine 
with THC, abolishing its toxicity, but will not do so once the fiavone has reacted 
with the enzyme. 

The 3-methoxy derivative of THC, 2'4-dihydroxy-3-methoxy chalcone, was 
tested for its effect on succinoxidase at 1 X 10~* M and pH 6.8, 7.4, and 8.2 
(See Table IV). There was no inhibition under conditions where the THC is 
quite toxic. It can be concluded that the diphenolic grouping, a potential 
ouinone-former, plays a part in the inhibition. It is not certain to what extent 





















SUCCINOXIDASE INHIBITION BY A FLAVONOID 


333 


THC may form a quinone oxidation product under the conditions of the experi- 
ment. There was no oxygen consumption by the THC alone in the presence of 

TABLE II 


Effect of THC on cytochrome oxidase 


VESSEL 

Ol UPTAKE 
fil. ((M0 MIN.) 

% 

INHIBITION 

COVC. THC 

Catechol . . . 

70 



Catechol, THC .... 

71 

None 

1 X io-* 


Condtions: 0.5 cc. washed rat liver mince, 0.1 cc. of 0.1% THC in propylene glycol, 
01 cc. of cytochrome c (2 mg.), 0.3 cc. of 0.1 ill catechol, 0 5 cc. of 0.5 ill Na-HPOi, 0.2 cc. 

20% KOH in center cup, total vol. to 3.2 cc. with water, air, 3S° C. Small catechol 
autooxidation blank subtracted from above figures. 

TABLE III 


Effect of glutathione { GSH ) on THC inhibition of succinoxidasc 


VESSEL 

Ol UPTAKE 

III. (10-20 MIN ) 

i % 

INHIBITION 

A. GSH added to enzyme 10 min. before THC 

GSH... 

0 


THC. . . 

iflllMRTOSlS 


Succinate . 



Succinate, GSH, THC 

MM 

None 

B. GSH added to enzyme 10 min. after THC 

Succinate. | 

44 


Succinate, THC, GSH 

0 

100 

— 




Conditions: succino\idase assay as described in text 

Final concentrations- 1 X 10~« M THC, 3 X 10" 5 ill GSH, pH S 2. 


TABLE IV 


Effect of the S-melhoxy derivative of THC on succinoxidasc 


pH 

III Ol UPTAKE 

: (10-20 MIN ) 

% 


Succinate 

Succinate methoxy deriv. 


’ 6 S 

87 

70 

9 

7.4 

95 

95 

0 

8.2 

40 

i 

42 

0 


Conditions: succinoxidasc assay as described in text. 

Final concentration of 2',3-dihydro\y-4-methoxv chalcone was 1 X 10 -4 M. 


enzyme. However, because of the small amounts used, an appreciable conver- 
sion to quinone could have occurred without manometric evidence. Benzoquinone 
'tself is strongly inhibitory to succinoxidase at concentrations as low as 1 X 
molar. 
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That THC will combine with cupric ion is indicated by the change in color on 
mixing the two substances and by the prevention of cupric ion catalysis of 
epinephrine oxidation. On the other hand, cupric ion is a strong poison of suc- 
cinoxidase. It was of interest, therefore, to see whether THC would compete 
with enzyme for combination with cupric ion. THC (1 X lO - * M) was added 
to the enzyme followed by an equimolar concentration of cupric sulphate. There 
resulted no prevention of the copper inhibition by THC (Table V). The experi- 
ment was carried out at pH 6.7 where there is only a small inhibition by THC 
but almost complete inhibition by the copper. The evidence suggests that the 
copper-protein combination is much stronger than is the THC-copper complex. 

Discussion. It is believed that the best explanation of the toxic response 
of succinoxidase to THC is that the latter is partially converted to a quinoid form 
which inactivates the enzyme by combining with essential sulfhydryl groups. 
The evidence in favor of this conclusion can be summarized as follows. The 
inhibitor target is the SH-sensitive succinate activating protein, the cytochrome 

TABLE V 


Effect of THC on copper inhibition of succinoxidase 


VESSEL 

Ol TJPTAXE 

pi (0-10 HIM ) 

% 

INHIBITION 

Succinate 

115 


Succinate, CU++ 

3 

97 

Succinate, THC 

83 

2S 

Succinate, Cu ++ , THC 

6 

95 


Conditions- succinoxidase assay ns described in text. 

0 OS M final pH 6 7 phosphate buffer, 1 X 10"* M final THC, 1 X 10~ 4 M final Cu++ (cupric 
sulphate) The THC was added to the enzyme 5 min before the Cu' t+ . 


oxidase component being unaffected. The 3-methyl ether of THC, which chem- 
ically is unlikely to form a quinoid product under the experimental conditions, 
does not inhibit the enzyme. One would expect a greater quinone production 
from THC with increasing alkalinity and under these conditions one finds a 
greater inhibition of the enzyme. The SH-tripeptide, glutathione, could com- 
pletely prevent the inhibition, but was unable to reverse it (see discussion below). 
It is possible that the cytochrome oxidase contributes to the transformation of 
the chalcone into its quinone since it is known to be a catalyst for the oxidation 
of catechol. 

There is an abundance of data pointing to a selective reaction between pro- 
tein-SH and quinones. Quastel (8) found that various polyphenols were highly 
toxic to urease activity and concluded that formation of quinones was responsible. 
The inhibition could be prevented by thiols but was not reversible. Hellerman 
and Perkins (9) later discussed the inhibiting effect of quinone on urease and pa- 
pain. They pointed out the irreversibility of the reaction and suggested an 
addition of amino or sulfhydryl groups of protein at the reactive olefinic group 
of the quinone. More recently Patter (10), and Potter and Du Bois (5) have 
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investigated the inhibition of urease and of succinoxidase by quinones and quinoid 
products of the oxidation of p-aminophenol and p-phenylenediamine .and their 
derivatives. They ascribe the inhibition to a reaction with essential thiol groups 
of these enzymes and conclude that a 1,4-addition of protein-thiol to quinone 
rather than a direct oxidation by quinone takes place. 

A number of workers have described the potent bactericidal action of various 
quinones. This action has been shown to be prevented by thiols and has been 
attributed to a combination between quinone and essential thiol constituents 
of the bacterial cell (11, 12). 

A few chemical studies with simple thiols have indicated the type of reaction 
"hich may take place between quinone and protein. Snell and Weissberger 
(13), Kuhn and Beinert (14), and Fieser and Turner (15), have studied the com- 
bination of sulfhydryl compounds with quinones. The quinones readily undergo 
reactions involving the addition of thiol to the 1,4-positions of the a,/3-unsatu- 
rated ketonic grouping. In general, the course of the reaction would be as follows: 



+ HSR 


/\/ 


\^\ 


e amino acid cysteine enters into such a reaction with facility under physio- 
°g'cal conditions and it is probable that cysteine-proteins will do likewise. 

Although it appears from available information that the preferred reaction of 
a quinone in a competitive mixture of reagents present in a cell extract would be 
" i i thiol groupings, nevertheless, it is possible that even at low concentrations 
0 er protein reactions will occur. Hoffman-Ostenhof (16) has recently dis- 
missed evidence against a specific SH reaction mechanism for explaining quinone 
lc 'ty. However a really conclusive answer to the question awaits a careful 
a ^ S1S °f the inactivating influence of various quinones on a series of sulfhydryl 
non-sulfhydryl enzymes and quantitative titrations with quinones of the 
'“nous reactive groups of a protein. 

ar her in this paper it was mentioned that substances structurally related to 
( b droxy clialcone are metal-complexing substances. The compounds form 
ari °d colored soluble and insoluble complexes with many heavy metals. A 
,lr ' e> of this field is now in progress by T. A. Geissman at U. C. L. A. In a 
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qualitative way we have shown that the 2',3,4-trihydro.\y chalcone will com- 
bine with a number of metals including ferric and cupric ions. It was interesting 
therefore to note the lack of effect of this compound on the iron-containing cyto- 
chrome c and the metalloprotein (presumably Fe), cytochrome oxidase. How- 
ever, it should be recalled that dithiopropanol (BAL), a potent metal-combining 
agent, did not react with the metals in these two proteins, but was strongly toxic 
to some other metalloproteins (17, 18): catalase (Fe), peroxidase (Cu), and car- 
bonic anhydrase (Zn). 

It is well known that heavy metals can be highly toxic due to combination with 
the thiol group of essential proteins. A major contribution of recent years has 
been the finding that certain simple thiols, notably BAL, are able to reverse the 
metal mercaptide combination, thus regenerating the activity of the original 
protein (19). The possibility existed that because of their chelating capacity 
the flavones might be able to prevent or reverse metal combination with SH- 
proteins. If so these compounds would be potentially of value in the treatment 
of metal poisoning. As reported in this paper, at least in the case of copper, the 
flavone is unable to prevent the metal inhibition of suceinoxidase, indicating that 
the protein-S-eopper linkage has a smaller dissociation constant than the copper- 
flavone-complex. 

It is becoming increasingly apparent that the SH function attached to essential 
protein is a particularly vulnerable item in the animal economy. Heavy metals, 
certain non-metals such as arsenic and selenium in appropriate valence state, 
many reactive organic halides, various oxidizing agents, and quinoid structures 
and the related a,0-unsaturated ketones, all shown marked affinity for protein- 
SII and as a result can produce profound disturbances in the living organism. 
In any studies of the physiological effects of the catechol-fluvones and other 
polyphenols, possible quinone formation with resulting blocking of SH-proteins 
must be kept in mind. 


summary 

2’, 3, 4- trihydroxy chalcone gives a strong inhibition of rat liver suceinoxidase, 
an effect which is greater with increasing pH. At a pH of 7.4, 1 X 10" 1 M 
chalcone almost completely inhibits the enzyme. 

The chalcone reacts with substrate activating dehydrogenase and not with the 
cytochrome e-cytochrome oxidase system. 

The methoxy derivative, 3-methoxy-2', 4-dihydroxy chalcone, is not toxic to 
the suceinoxidase system. 

The inhibition is probably due to a combination of quinoid oxidation product 
of the flavone with essential SH groups of the enzyme. The reaction can be pre- 
vented but not reversed by glutathione. 

Although the flavone forms complexes with various metals, including copper, 
it did not decrease the cupric ion inhibition of the suceinoxidase. 
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Since the fundamental study by Barger and Dale (I) of the relationship be- 
tween the chemical constitution and physiological action of the sympathomimetic 
ammes, numerous investigations have been made of many structurally and 
pharmacologically i elated compounds. A few publications have described the 
pharmacology of compounds in which cyclic arrangements other than the benzene 
ring have been incorporated into the general sympathomimetic structural pattern 
(2-5). Zenitz, Macks and Moore (G) have recently synthesized the cycloheyyl 
analogs of the readily available phen 3 'lnlkylamines. In this study, 2-phenyl- 
ethylamine, 2-phenyl- 1-propylnmme, 1 -phenyl -2-propylamine, and theirN-methyl 
homologs have been compared with the corresponding spatially related cvclo- 
hexylalkylamines 1 

Experimental proclrcre Blood pressure effects in dogs In order to avoid the error 
that can be introduced by tachyphylaxis we resorted to a modification of the method of 
Chen (7) of standardization with an agent, such as epinephrine, that neither produces nor 
is affected by this phenomenon, and then injecting a test dose of the agent under considera- 
tion Sixty apparently healthy, adult mongrel dogs (4 5-30 hgm ) were used, these were 
anesthetized with sodium barbital (330 mgm /hgm ) administered intraperitoneally 00 
minutes prior to use. Blood pressure w as recorded by the usual mercury manometer and 
soot kymograph The animals were standardized with graded doses of epinephrine (1“ 
12ygm /hgm ) and the 1 mgm test dose of the agent per hgm , as a 1 per cent solution of the 
hydrochloride salt, w^as injected into a femoral vein At 30 minute intervals, this dose of 
the same drug or a related drug was injected until the blood pressure level permanently 
changed, or until there was evidence of decreased responsiveness of the animal. The 
epinephrine equivalence data given m Table 1 is based on the response to the first injection 
of a drug into the animal after the epinephrine standardization Five animals were used 
for each drug 

Action on isolated tissue segments Sections of jejunum from 5 rabbits were placed in 
oxygenated Tyrode solution at 37-38°C After some preliminary observations, 10 mgni 
amine hydrochloride per 50 ml tissue bath w'as chosen as a standard concentration After 
tw o minutes exposure to the drug, the bath w as flushed out three to five times The respon- 
siveness of the segments to 12 5 ngm. epinephrine base w as used as a control In a similar 
manner, virgin albino rat uterine horns in non-oxygenated, glucose free Tyrode solutions 


1 1 am grateful to Dr Jerome Martin of the Commercial Solvents Corporation, Terre 
Haute, Indiana for the Phenisopropylamme base from winch the 1 phenyl 2 propylamine 
hydrochloride was prepared, to Dr B E Graham of the Upjohn Company, Kalamazoo, 
Michigan for the “Beta phenyl-n propylamine”, to Dr H W Werner of the William S 
Merrell Company, Cincinnati, Ohio for the “Yonednne” hj'dro chloride, and to Dr M L 
Moore of the Frederick Stearns Co , Detroit, Michigan for the rest of the sympatho- 
mimetic amines I am grateful to D A Herring and C K Sleeth for technical assistance 
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were exposed to these agents. Sections of ileum of five guinea pigs were suspended in 
oxygenated Tyrode solution and 5 /igm. histamine base added to the 50 ml. bath. Two 
minutes later 10 mgm. amine hydrochloride was added and the effects noted after an addi- 
tional two minutes . 

Results. Blood Pressure Effects. In general, the phenyl compounds, or 
aralkylamines, are more active in raising the blood pressure than are the hydro- 
genated compounds, or cyclohexylalkylamines. Also, the N-methyl derivatives 
are usually less active than the unsubstituted amines. The comparison of the 
blood pressure effects of the phenylethylamines and cyclohexylethylamines is 
considerably simplified in that four to eight injections can be made at 30-minute 
intervals without the development of appreciable tachyphylaxis or decrease in 
response. Thus it is possible to compare two drugs by the procedure of D&rger 
and Dale (1); i. e., to administer one drug between two injections of another drug, 
and to rule out the possibility that either had any effect on the performance of the 
other (fig. 1A). They have pointed out that only equimolecular quantities of 
agents should be compared. The use of a fixed dose of 1 mgm. of agent per kgm. 

comparable to the work of others in the field (8-10) and the error introduced is 
small when the molecular weight range is narrow, as is the case with these agents. 
However, the data available have been expressed in terms of moles of amine base 
contained in one mgm. of’ amine hydrochloride and compared with the pressor 
equivalent numbers of moles of epinephrine base; the resulting activity ratios are 
given in the table. Both total weight comparison and molecular comparison 
lead to the same generalizations. 

Figure 1A illustrates the greater potency of 2-phenylethylamine over the 
^-methyl homolog, and IB its greater activity compared to the cyclohexylethyl- 
a mine. Similarly, 1C shows the greater activity of 2-phenylethyl methylamine 
°ver its analog, cyclohexylethyl methylamine. As indicated in the table, the 
only appreciable exception to the concept that N-methyl derivatives are less po- 
tent than the unsubstituted compounds exists in the case of cyclohexylethyl 
methylamine and cyclohexylethylamine, with the former usually being more 
active than the latter (fig. ID). 

2-Substituted-l-propylamines can be administered three to five times at 
30-minute intervals without appreciable change in response (fig. 2B). 2-Phenyl- 
1-propylamine is more potent than 2-cyclohexyI-l -propylamine (fig. 2A) ; 2-pbenyl- 

1 - propyl methylamine is slightly more active than 2-cyclohexyl-l-propyl methyl- 
amine (fig. 2C). 2-Phenyl-l-propylamine is slightly more potent (4.8:3.2) than 

2- phenyl-l-propyl methylamine, but 2-cyclohexyl-l-propylamine is slightly less 
potent (2.0:2.2) than 2-cyclohexyl-l-propyl methylamine. 

Tachyphylaxis is most pronounced with the l-substituted-2-propylamines. 
This phenomenon is well known with l-phenyl-2-propylamine, or amphetamine, 
(8, 11), and it occurs with the other agents of this sub-group. This is illustrated 
>n figure 2D. Consequently, direct cross-comparisons are invalid and only the 
epinephrine equivalence data are useful. l-Phenyl-2-propyl amine is more active 
than the cyclohexyl compound; 1-phcny 1-2-propyl methylamine is more active 
than its cyclohexyl relative; and the N-methyl homologs are less active than the 
Unsubstituted amines, whether the ring is aromatic or cycloaliphatic. 
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Fig. 1. Dogs. 330 mgm. of Na Barbital per kgm Blood pressure in mm. Hg, ordinate 
(Record bottom = 50 mm Hg), time, abscissa. E = 1-epinephrine (base), with dose in 
micrograms/kgm , time interval between injections, 6-S minutes. Time interval between 
iujections of other agents, 30 minutes. P = 2-phenylethylamine hydrochloride, 1210 = 
2-phenyIethyI methylamine hydrochloride, 822 = 2-cyclohexyIethylamine hydrochloride, 
and 101 = 2-cyclohexylethyl methylamine hydrochloride. Doses of these agents, 
1 mgm./kgm. 


The data on the pressor effects obtained with the various phenylalkylamines 
are in fair agreement with those of other workers that used similar equivalence 
assay technics (8-12). The duration of the rise in blood pressure is difficultly 
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quantitated. If one uses, as an approximation, the length of time that the blood 
pressure is above one-half the total increase in pressure, then the effect of the 
ethylamines lasts one to two times as long as that of epinephrine, the 2-substi- 
tuted-l-propylamines two to four times as long, and the l-substituted-2-propyl- 
amines three to ten times as long. There is no obvious correlation between 



jf 

335 335 335 

L=Ll 



■pF' G ' 2. Dogs. 330 mgm. of Na Barbital per kgm. Blood pressure in mm. Hg, ordinate 
Utecord bottom = 50 mm Hg); time, abscissa E = 1-epinephrine (base), with dose in 
imcrograms/kgm., time interval between injections, 6-8 minutes. Time interval between 
Lotions of other agents, 30 minutes. 174 = 2-phenyl-l-propylamine hydrochloride, 
{, .i~ ^' c VclohexyI-l-propvlamine hydrochloride, 335 = 2-cyclohe\yl-l-propyI methylamine 
hydrochloride, V = 2-phenyl-l-propyl methylamine hydrochloride, and D = 1-phenyl- 
--propyl methylamine hydrochloride. Doses of these agents, 1 mgm. /kgm. 


aromatic and cycloaliphatic compounds, the difference being apparently related 
to the relative position of the substituent ring in reference to the side-chain 
length. 

Isolated Tissues. The relative importance of data obtained from isolated seg- 
ments of small animals may be questioned. However, it may provide a closer 
approximation of the ultimate effects of drugs on cells than does the administra- 
tion of an agent into a highly integrated svstem. Quantitatively, the agents arc 
1/1,000 to 1 10,000 as active as epinephrine or less, rather than 1 ^ 100 to 1, 500 



344 


DAVID F. MARSH 


as is the case with the blood pressure effects. The type of activity is also 
changed. 2-Phenylethylamine has a more or less indeterminate action on several 
isolated smooth muscle structures (11, 12). The other members of this series 
have a more specific action, but one that is apparently not related to the blood 
pressure effects. The overall trend is an increase in ability to produce relaxation 
or decrease in tone as the molecular size of the agents increases and as the relative 
unsaturation decreases; i. e., the cyclohe.vylalkylnmines are more relaxant or 
tone-inhibitory than the phenylalkylamines, the N-methyl homologs are more 
active than the unsubstituted amines, and the propyl compounds are more active 
than the ethyl compounds. 

Discussion. Regardless of the mechanism of action of these agents, be it by 
non-specific “pseudosympathomimetic” effects directly on smooth muscle, and/ or 
by specific “sympathicotropic” effects on the smooth muscle excitatory effectors 
of the cardiovascular system, or by inhibiting amine oxidase, or by competitively 
liberating preformed sympathin E at the myoneural junction, the quantitative 
differences in their activity lead to certain comments. As suggested by Barger 
and Dale, the phenylethylnmine skeleton is necessary for the maximum pressor 
activity. All other non-hydroxylated agents of similar chemical configuration 
have a diminished activity. Consequently there must be some specific limita- 
tions as to the molecular size and shape of molecules that will have this sympatho- 
mimetic effect. Pauling and his co-workers (13) have obtained evidence that the 
specific forces between an antibody molecule and an antigen are the ordinary 
forces exerted between smaller molecules that come within a few Angstroms of 
one another (the van der Waals electronic dispersion forces, the forces of hydrogen 
bond formation, and the coulomb forces of attraction between groups with elec- 
trical charges of opposite sign) and that the specificity of interaction results of a 
complementariness in structure so that the weak forces operating between the 
two substances are integrated over the juxtaposed surfaces to produce a strong 
enough resultant force to lead to the formation of an effective bond. Similarly, 
one can postulate that the specificity of a sympathetic effector body is the result 
of certain surface topology with definitely located groups capable of forming 
hydrogen bonds and one group with a negative electrical charge. Any ammon- 
ium ion that has attached to it an organic molecule that does not exceed epi- 
nephrine in critical size should have some sympathomimetic action. Minor 
changes in size, shape, or aromatic character may so change the interaction forces 
that the resultant bond is ineffective and the expected muscle action does not 
occur, or occurs in a statistically smaller group of muscles. Conversely, since 
these agents do not properly fit the effector substances, one may expect that some 
of them will not interact adequately with the enzyme systems that normally 
remove or destroy sympatliins and consequently they will have a longer duration 
of action and may even leave the muscle refractory to further effect. 

SUMMARY 

2-Phenylethylamine, 2-phenyl-l -propylamine, l-phenyl-2-propylamine and 
their N-methyl homologs have been compared with their cyclohexyl analogs. 
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The unsubstituted phenyletbylamine is more active as a pressor agent than 
phenylethyl metliylamine, and these are both more active than the corresponding 
cyclohexylethylamines. Similarly, the phenylpropylamines, though less active 
than the phenylethylamines, are more active than their cyclohexyl analogs. On 
isolated smooth muscle, the reverse is true, with the hydrogenated compounds 
being more relaxant than the aromatic compounds, and the N-methyl homologs 
being more active than the unsubstituted compounds. 
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In the course of work in which DDT was administered to rabbits as a solution 
in com oil, it was found that a marked elevation in blood sugar occurred in some 
animals (1). The administration of corn oil alone also produced hyperglycemia. 
Since in previous work (2, 3, 4) olive and com oil had been used extensively as 
a solvent for DDT administrations, it was decided to study this phenomenon in 
greater detail. 

Experimental rnocEiiunc. Normal rabbits of the Dutch strain inbred at this labo- 
ratory were used exclusively throughout these experiments. > They were placed in individ- 
ual metabolism cages and maintained on a standard diet of oats and cabbage except where 
otherwise indicated. 

The oils* were administered by mouth, uniformly followed by 10 cc. per kilo water. 
The animals were bled from the par vein just preceding the administration of the oil and 
at regular intervals thereafter. Four cc. of blood constituted the usual sample. A few 
milligrams of sodium oxalate were used as an anticoagulant. The bloods were depro- 
teinized by the method of Folin and Wu (5). Determinations for blood sugar were made 
by the method of Schalcs and Schales (6). Figures submitted by these authors indicate 
that from 15-2-1 per cent of the total reducing substances obtained with the FoIin-lVu 
filtrate of normal human blood are non-fermentablc, and do not represent true glucose. 

AH determinations were nmde in duplicate on the same blood filtrate. All readings 
agreed within the limits of experimental error, and the results in each case represent the 
average of the two analyses The results were evaluated in terms of glucose. Rectal 
temperatures were taken immediately preceding the bleedings. 

Effect of Administration of Oils on Blood Sugar. Com oil or olive oil given in 
amounts of 3-15 cc. per kilo produced hyperglycemia. This is shown in table !• 
On the larger doses of either olive oil or com oil the animals became ill and refused 
food and water for several days until either death or recovery occurred. A set of 
controls were therefore run under these conditions, namely without food or water. 
The withdrawal of food and water had little effect on the blood sugar during the 
first 48 hours. During the following 4S hours there was a moderate progressive 
elevation. However, the blood sugar had returned to slightly above the normal 
level by the end of the sixth day. A second set of controls on the regular diet 
maintained a normal uniform blood sugar level. Table 2. 

Effect of Administration of Oils on Rectal Temperature. The animals in each 
of the groups, which received either corn oil or olive oil experienced a drop in 

> Clinton refined corn salad oil, purchased from Clinton Industries incorporated. T« o 
brands of olive oil were used. One labeled pure and packaged by Philip Berio and C. Lucca, 
Italy; and one labeled Pompeian imported pure olive oil. 
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rectal temperature. In general hypothermia and hyperglycemia occurred simul- 
taneously. (Table 3 ) 


TABLE 1 


The effect of oial administration of oil on the blood sugar m labbits 


VO & 

WEIGHT — KG ; 

j BLOOD GLUCOSE MG HOURS AFTEK ADMINISTRATION 


Initial j 

Final | 

o j 

1 2 1 

1 4 

1 2 1 

[ n | 24 | 

48 | 72 | 96 | 

120 j 

,44 | 

163 | 

192 

(15 cc Per Kilo Corn Oil) 

19 

2 24 | 

1 09 i 

116 5 1 

135 5 | 

142 0 

141 3 

158 3 I 459 0 

D 1 



! 


29 1 

2 52 j 

1 

109 3 | 

118 0 

| 142 o 

j 160 0 

186 3 D 

i i ! 





39 i 

1 86 

1 35 

123 0 

13S 3 

\ 19S 3 

1 180 5 

198 5 1 344 0 

233 0 193 S 



D 


49 , 

2 01 

1 81 

150 5 i 

146 8 

j 176 0 

180 3 

208 8 

I6S 5 1 1G8 5 j 



142 5 


59 1 

2 GO 

1 2 36 1 

134 5 j 

170 S 

' 200 0 

252 5 

210 0 

272 5 1 D 





6c? 

2 30 

2 12 

135 8 

194 3 

( 217 0 

201 0 i 

] 218 5 

183 0 j 161 0 



127 3 



(15 cc Per Kilo OIn e Oil) 


79 

1 96 

1 54 

129 8 

142 5 

146 3 ' 

141 4 | 

182 5 

277 0 

! 

27G 5 D 1 




89 

1 71 

1 54 

135 0 

174 5 

214 5 

199 5 1 

277 0 


153 5 1 

134 5 


145 8 

99 

1 55 

1 24 

114 5 

145 0 

185 4 1 

180 3 


205 5 

222 0 

192 0 | | D 




109 

2 53 

2 17 

125 0 

157 5 

161 5 1 

173 0 


147 5 

137 0 

127 5 130 0 t 


141 5 


119 

2 59 

2 18 

132 0 

157 8 

165 0 | 

176 5 


202 0 

220 0 

151 5 158 0 I 


156 5 


129 

1 93 

1 71 

131 8 

145 0 

138 0 j 

142 5 


167 0 

448 0 D 

1 l 





(6 cc Per Kilo Corn Oil) 


139 

1 72 

1 46 

137 5 157 0 175 8 

196 0 


350 0 

200 5 1 329 0 D 




149 

1 75 

1 59 

120 0 130 5 I 134 3 

140 3 


148 5 

146 0 | 134 0 ' 




159 

2 14 

2 04 

152 5 155 0 j 152 3 

174 4 


239 5 

177 8 . 160 3 } 




169 

1 89 

1 70 

138 5 156 3 174 5 

318 0 


140 9 

134 5 




179 

2 19 

1 99 

137 3 148 8 164 5 

167 5 


162 0 

183 0 j 





(3 cc Per Kilo Corn Oil) 


189 

1 90 

1 88 

148 0 

147 0 

178 5 

172 5 

| 183 5 

159 5 

155 0 




19 o' 

2 20 

2 06 

168 5 

154 0 

177 0 

173 0 

162 5 

168 5 

1 174 5 




20c? 

2 11 

1 94 

130 0 

12S 5 

157 5 

149 0 

146 5 

142 0 

150 0 




219 

2 01 

1 90 

154 5 

219 0 

163 5 

173 0 

j 155 5 

143 0 





22c? 

2 20 

2 04 

139 5 

173 0 

255 0 

412 0 

| 189 0 

188 5 





239 

2 05 

1 94 

103 5 

111 9 

10S 4 

116 9 

* 133 0 


, i 




249 

1 93 

1 85 

109 6 

125 2 

140 9 

137 3 

130 0 


i 





(3 cc Per Kilo Olive Oil) 


259 j 

2 27 1 

2 23 

no o | 

124 S 

152 8 

148 0 


152 9 

138 5 

I 

140 5 

269 | 

2 3S 1 

2 37 

122 3 J 

135 0 

133 0 

1G0 3 


150 5 

152 0 


164 0 

27a 1 

1 56 

1 50 

138 0 

143 3 

134 S 

147 3 


15S 0 

153 0 


159 5 

2S;? 

1 68 

1 59 

150 0 

142 0 

149 5 

148 0 


169 0 

178 0 

160 5 



1 89 

1 80 

167 5 

166 5 

195 0 

167 5 


173 5 

165 0 

171 0 1 


309 

2 63 

2 55 

148 0 

221 0 

354 0 

197 5 


132 5 

HI 5 

141 5 



D «= Approximate time of death 


Toxicity of Oils 1 lie data aie too limited to supply othei than indications of 
the toxic potencies of the two oils Of the six animals ha\ mg received 15 cc per 
kilo coni oil, all had symptoms of toxiutx Fom of these died m j-OJ days Of 
the fom one w as negatn e on postmoi tern Thiec had c ongested lungs m \ arying 
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degrees, and two recovered. Of the six animals receiving 15 cc. per kilo olive oil, 
all had symptoms of toxicity. Three of these died in 2{-o days. Two had con- 
gested lungs. Aspiration pneumonia secondary to administration of the oils by 
stomach tube may have been a factor in the production of the lung pathology. 

In the total series of 45 animals, having received either one of the two oils, or 
water by stomach tube, on!}' eight animals died. In addition to the seven ani- 
mals which died on large doses of oil, one of the animals having received G cc. per 
kilo corn oil died. All animals in this group had symptoms of toxieity in less 
degree than those having received 15 cc. per kilo of either corn oil or olive oil. 
The animals in the two groups having received the small non-fatal doses of oils 
recovered after symptoms of toxicity which were in general proportional to the 

TABLE 2 


The effect of oral administration of water <m the blood sugar in rabbits 


NO. Sc ] 

WEIGHT- 

— KG. 

i 

BLOOD GLUCOSE REDUCTION EQUIVALENT UC. — HOURS AFTER ADMINISTRATION 


Initial j 

Kmal | 

t 0 

' 2 1 4 j 7 j 24 j 4S j 72 1 M { 120 j 144 j 16S 1 192 





(25 cc. Per Iulo Water) 


319 

2.24 

2.10 

117.3 

136.3 1 126.0 

123.5 

146.3 

133.5 


■ 


329 

2.02 

1.95 

131.3 

153.3 

123.5 

128. S 

133.5 

135.0 

1 

i 


339 

2.00 

1.01 

132.3 

155.8 

138.8 

141.8 

152.3 

170.0 

154.3 • 128.5 

] 127.5 


34 9 

2.50 

2.60 

133 8 

136.0 

137.5 

138.0 

142.5 

133.8 

126.0 ) 128.3 

1 121.3 


35o* 

2.23 

2.21 

124.0 

138.5 

13S.0 

139.5 

145.0 

157.5 

137 5 1 127.0 

i 136.0 


36^ 

1.79 

1.72 

140.3 

144 3 

130.0 

129.5 

133.5 

129.8 

| 145.3 

132.8 | | 

37 o' 

1.74 

1.60 

142.0 

13S.8 

136.0 

144.5 

145.5 

140.3 

1 137.0 

141.3 | | 

389 

2.04 

1.94 

140 0 

165.8 

143.3 

129.3 

139.3 

128.8 

j 137.3 

134.3 , j 


(30 cc. per Kilo water-— Thereafter no food nor ^ater) 


39cf 

1.97 

1.27 

150.0 



154.5 

151.8 

143.3 

156.3 

I 

163. 5 

186.0 

192.8 

40 cf 

2.77 

1.52 

| 117.3 



117.3 

120.0 

133.5 

141.8 


129.3 

127.0 

134.3 

41 cf* 

2.21 

1.41 

124.8 



117.3 

111.8 

125.8 

135 3 

j 

139.0 

142.8 

152.0 

429 

1.92 

0.92 

150 5 



135 3 

123 8 

160.5 

202.0 

1 

151.3 

16S.5 

158.8 

439 

2.56 

1.69 

115 3 

134 3 

127 3 

119 5 

109 0 

147.3 

147 8 

163.3 > 


145.3 

161.3 

449 

2.66 

1 58 

, 128.0 

131.3 

136 2 

137.8 

162.3 

154.5 

186.3 

1SS.5 


148.0 

156.S 

459 

2.22 

1.44 

! 151 8 

159.0 

167 0 

151.8 

130 5 

146. S 

167.3 

198 3 i 


184.3 

172,5 


size of the dose received. In contrast, the animals on the standard diet gave no 
indications of abnormality of any kind. The control fasting group lost consider- 
able weight. 

Discussion - . In general the hyperglycemia, and the simultaneous hypother- 
mia were proportional to the size of the dose of oil administered. The wide 
variations within a group having received the same dose probably indicates the 
wide variation as to the amount and time of absorption of the particular oil from 
the intestine after its administration. It was previously shown that when DDT 
was administered orally in olive oil to rabbits there was a marked variation m 
the amount of DDT excreted in the feces (4). This variability in intestinal ab- 
sorption may be the primary reason for the relatively wide range in the lethal 
dose of DDT in rabbits, when the DDT is administered as an olive oil solution. 
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TABLE 3 

The effect of oral administration of oil on rectal temperature in rabbits. Animal 

numbers correspond to those in Table 1 

RECTAL TElfPEEATORES DECREES CENTIGRADE — HOURS ATTER ADMINISTRATION 

0 j 2 | 4 ( 7 j 11 1 24 1 48 | 72 j 96 [ 120 [ 144 j 168 | 192 


(15 cc. per kilo corn oil) 


1 

39.3 

39.2 

38.7 

38.7 

38.2 

38.00 







2 

39.3 

39.3 

38.9 

38.8 

3S.5D 








3 

39.6 

39.3 

38.7 

38.5 

38.3 

37.8 

38.5 

38.8 



37.60 


4 

39.2 

37.9 

37.9 

37.7 


37.4 

38.0 

3S.7 




38.4 

5 

39.2 

38.7 

37.4 

37.6 


38.5 

38.3 

D 





6 

39.0 

39.1 

3S.9 

38.4 


38.8 

38.5 

38.6 






(15 cc. per kilo olive oil) 


7 

39.7 

39.2 

39.5 

39.7| 

38.8 

37.9 

37.3 

O 





8 

39.9 

38.6 

38.2 

38.1 

38.1 

38.8 

39.2 



39.3 


39.3 

9 

39.3 

38.9 

38.7 

38.7 

38. 8 

38.6 

3S.7 


O 




10 

39.4 

38.7 

38.6 

38.5 

38. 8 

39.4 

39.7 

39.8 



39.4 


11 

39.5 

38.8 

38.8 

38.9 


38.5 

38.6 

38.9 

39.4 



39.6 


12 

39.9 

39.9 

39.9 

39.5 


38.3 

37.40 








(6 cc. per kilo com oil) 


13 

39.8 

39.3 


39.2 


38.4 


39.0 


| 

■ 


14 

39.3 

39.2 

39.2 

38.9 


38.9 

39.2 

39.4 




m. 

15 


38.8 

EE 

38.9 


38.5 

39.4 

39.5 


■ 

■ 

■ 

16 

39.4 

38.7 

38.8 

38.2 


39.3 

39.2 






17 

39.7 

39.8 

39.3 



3S.9 




1 


■ 


(3 cc. per kilo com oil) 


39.2 

39.1 

39.3 

39.2| 

39.3 

39.2 

ss 

39.4 

38.6 

38.4 

38.8) 

39.1 

39.2 

E33 

39.5 

38.9 

39.1 

39.4! 

39.3 

39.3 

39.3 

39.1 

37.9 

38. S 

39 .I! 

3S.8 

39.5 


39.8 

39.2 

38.7 

39.ll 

39.0 

39.8 


39.3 

39.2 

39.3 

39.lJ 

39.5 



39.6 

35.8 

39.2 

3S.-| 

39.2 




(3 cc. per Idlo olive oil) 


25 

39.6 

39.41 

39.9 

39.6 


39.5 

39.4 



39.5 



26 

39.8 

39.6! 

39.6 

39.4 



ilB 



39.6 



27 

39.7 

39.6 

39.4 

3S.9 


Bill 

39.1 



39.7 



2$ 

39.9 


39.7 

39.9 


39.5 

39.8 

EH 





29 

39.0 


39.6 

39.4! 

39.5 

39.5 

39.5 





30 

l 39 - 7 ! 

3S.4 

3S.S| 

39.6 

39.5 

39.6 






D— Approximate time of death. 
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Blixcnkronc-iloller (7) found that tho perfusion of blood containing butyric 
acid through cats’ livers led not only to the production of ketone bodies, but also 
to the production of carbohydrate, Matkees and Reich (S) found that butyric, 
caproic, caprvlic and capric acids in the form of their Na salts after oral ad- 
ministration to fasting rabbits raised the blood sugar level. ISfnth and Brahma- 
char! (9) showed that hyperglycemia could be produced in rabbits by the injection 
of the intermediary fat metabolism products, /S-hydroxy-bufyric acid, acetoacetie 
acid and pyruvic acid. 

In several experiments in which corn oil was administered in 15 ce. per kilo, 
and olive oil in 9-15 ce. per kilo doses by mouth, and 18-24 hours later when the 
blood sugar was at a very high level 3-5 units of insulin were administered sub- 
cutaneously, the elevated blood sugars produced by the oils were promptly 
reduced to normal or subnormal levels. 

Salant and Bengis (10) found that feeding of olive oil to rabbits (one experi- 
ment) was followed by renal disturbance and transitory albuminuria. Whether 
kidney damage was a factor in the causation of death in the animals having re- 
ceived 15 cc. per kilo of either olive, or corn oil in the present experiments has not 
been determined. 


SUMMARY AND CONCLUSIONS 

1. Administration of either corn oil or olive oil produced in rabbits hypergly- 
cemia and hypothermia. 

2. The elevations in blood sugar and drop in rectal temperature with relatively 
large doses of corn oil occurred earlier than with equivalent doses of olive oil. 

3. Both corn oil and olive oil when administered in relatively large doses 
appear to be toxic. 
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INTRODUCTION 

Following the administration of DDT to rabbits by moujh as a solution in 
olive oil, stimulation of the central nervous system after a latent period produces 
involuntary body tremors and general muscular contractions which in some in- 
stances continue uninterrupted for seveial hours with great severity (1, 3). It 
would seem that under these conditions a great amount of both nervous and 
muscular energy would be required and expended by the animal organism, until 
a state of exhaustion, prostration and collapse is reached. This is likely to create 
a great demand on the glycogen reserves in the liver and muscles 
It was decided to determine: 1) what effect DDT would have on the blood 
sugar, 2) the effect glucose administration w ould have on the symptoms and the 
mortality due to DDT poisoning, also whether glucose would afford some protec- 
tion to the vital organs against the pathological effects of DDT poisoning 

Methods The experimental procedures used in this work are m essence an extension 
of those used in the preceding paper (8) Except where otherwise indicated the methods 
are identical 

\clte toxicitt sTt dies The Effect of Oral Administration of DDT on the Blood 
Sugar and Rectal Temperature As shown in the preceding paper, corn oil when adminis- 
tered to rabbits elevates the normal blood sugar level and produces a simultaneous drop 
in rectal temperature (S) When DDT was administered m a well tolerated dose (300 mg 
per kilo), m a relatively small amount of corn oil, an elevation in blood sugar and a simul- 
taneous drop m rectal temperature approximated that produced by the administration of 
an equivalent amount of corn oil alone (8) However, when DDT was administered in a 
relatively large dose, 600 mg per kilo in a moderate amount of corn oil, producing severe 
symptoms and death within IS hours, the degree of blood sugar elevation attained (table 1) 
was substantially greater than that produced by the administration of an equivalent 
amount of com oil alone Further, the elevation in blood sugar produced under these 
conditions was more acute in point of onset, and returned to a near normal level by the 
time the blood sugar reached its maximum following the administration of an equivalent 
amount of com oil w ithout DDT (8) 

The Effect of Intraicnous Administration of DDT on the Blood Sugar. Using a 
modification of a method prev lously used for intravenous DDT administration 
(41, DDT w as injected mtrav enously to rabbits as a solution m Tw een 20, except 
in one instance in which it was administered as a finely div ided colloidal suspen- 
sion in Tween 20 in water This animal received 20 mg per kilo DDT as a 0 5% 
suspension in a 7% solution of Tween 20 in water Another animal was giv on the 
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same dose but as a 5.-1% solution of DDT in undiluted Tween 20; a third animal 
received 30 mg. per kilo DDT as a 5.4% solution. Two additional animals re- 
ceived 30 mg. per kilo DDT as an 8% solution. Four controls received equiva- 
lent amounts of Tween 20 as were given to the animals receiving DDT. 

By this method of administration DDT produced a pronounced elevation in 
blood sugar. In some instances the increases in blood sugar were 100-200% of 


TABLE 1 

The effect of acute DDT poisoning on the blood sugar in rabbits. DDT administered as 
a solution in corn oil per os 


NO. 

j WTJCIIT— XC. j 

HOURS AFTER ADMINISTRATION OF DDT, UC. % 

SEX 

Initial j Final | 

\ 1 

2 1 

| 1 | 7 | 11 | 11.5 | 15 | 18 | 24 

1 <S i 

| 96 


(300 Mg. per kilo DDT as n 5% solution) 


lc? 

1.70 

1.66 

116.5 

i » 1 

! ! 


155.0 




29 

2.23 

2.36 

119.5 

i 

1 1 ! 




116.3 

120.0 

3 c? 

1.74 

1.61 

117.5 

: ! i 


sllllia 


121.3 


Id 1 

2.23 

2.19 

123.8 

1 : ! 


1131.3 


137.5 

115.5 

59 

1.54 

1 .48 

115.01 | | j 


,125.5; 

122.5 



(300 Mg. per kilo DDT as a 10% solution) 


69 

1.95 

1.85 

153.0 

173.0 

215.3 

22S.3 



m 

■ 



■ 

79 

2.06 

1.95 

165.5 

159. S 

170.5 

175.5 






KQjg 


89 

2.13 

2.07 

107.4 

120.7 

122.5 

128.5! 


m 

| 




99 

2.01 

1.87 

110.0 

132.5 

159.5 

104. S 



■ 

m 


fill 

■ 1 

(COO Mg. per kilo DDT as a 10% solution) 

10c? 

2.27 


125.8 

219.0 

190.0 

I9S.0 





170.0* 


125.5 

119 

2.10 

1.90 

112.8 

108.3 

97.5 

120.0 





142.8 


12c? 

1.84 

1.60 

93.0 

105.8 

13S.S 

140.0 





147.0 

122.0 

116.8 

13 9 

2.60 


95.5 

110.3 

160.0 

105.0 





79.51 


123.3 

14c? 

1.88 

1.70 

113.0 

118.3 

16S.0 

17S.S 





147.0 

118.3 

15c? 

1.82 


110.0 




224.0 

395.0 





123.3 

16c? 

2.00 

1.89 

117.8 




110.5 

122.5 


127. S 



17c? 

3.17 


121.3 




227.0 

232.8 

175.3 




, 


* Blood sugar at 20 hours just perceding death 1-12.5. 
t Blood sugar at 30 hours, 7 hours preceding death 93.3. 


the normal. The change occurred in 10-30 minutes following the injection and a 
maximum elevation was reached in from 1-2 hours. 

If the animal survived the effects of a single administration for two or mote 
hours, the blood sugar returned to a normal level with the recovery of the animal. 
However, in one instance in which it dropped to a subnormal level the animal 
died (fig. 1, curve 1). It should be pointed out, however, that the vehicle Tween 
20, in which the DDT was administered also produced some elevation in blood 
sugar (fig. 1, curves 6-9). 

By repeated administration of 15 mg. per kilo DDT at about 2 hour intervals, 
very high blood sugar levels of 266.9-581.0 mg. per cent were obtained. 
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Under the same conditions repeated injections of equivalent amounts of the 
vehicle Tween 20 had no appreciable effect on the blood sugar. 

The Effect of Glucose Administration Following the Oral Administration of DDT 
in Com Oil. In the following experiments 600 mg. per Idlo DDT as a 10% 
solution in com oil was administered to both experimental and control animals. 
One gm. per kilo glucose was administered as a 10% solution in distilled water 
intravenously to the experimental animals, immediate^ following DDT admin- 
istration, and as the severity of the symptoms warranted further injections of 



3, 4, 5. 30' mg/kg DDT. 

6. Control, 4 cc/kg 7% aqueous solution of Tween 20. 

'> 3, 9. Controls, 0.38 cc/kg undiluted Tween 20. 

glucose were given at 18, 42 and 66 hours thereafter. .Alter the initial administra- 
tion of glucose, subsequent administrations were made immediately following 
bleedings for blood sugar analyses. In some cases an additional administration 
of glucose was given between blood sugar analyses. 

The results of these experiments are shown in table 2. The administration of 
glucose had practically no effect on the DDT hyperglycemia at 18 hours and 
thereafter . At this time the maximum blood sugar elevation had already passed, 
and the blood sugar was well on the way to normal. 

Though very high levels of blood sugar can be obtained by the administration 
of glucose intravenously (fig. 2), they are not maintained for any appreciable 
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length of time. However, administrations of this character in some instance 
may serve to replenish a deficit in glycogen reserves. 

The Effect of Intravenous Administration of DDT in Tween SO on t/ic Rectal 
Temperature. In all the animals to which DDT was administered intravenously 
rectal temperatures were taken immediately preceding bleedings for blood sugar 
determinations. When fatal, or lelatively large doses (20-30 mg. per kilo) of 
DDT were administered intravenously there was in general an initial elevation 

TABLE 2 


The effect of intraicnous glucose administered as a 10 % solution in distilled water on 
the blood sugar in rabbits following the administration of DDT in corn oil per os 



WEIGHT 

—KILOS 

1 CM/kILO GLUCOSE 

BLOOD SUGAR— MC % 

NO & 
SEX 

Initial 

Final 1 

! i 

Hours after DDT admtn 

Hours after DDT admin 


| 0 

| IS j It [ <2 | « j 

1 66 | 

0 ( IS ( 42 | 66 


(COO mg per kilo DDT ns a 10% solution plus glucose) 


IS 9 

1 

86 

1. 

.71 

1 

1 

1 




133 

0 

117 

0 

155 0 



19 9 

1 

62 

1 

38 

1 1 

1 

1 

1 

1 

1 

116 

9 

157 

5 

130.0 

160 

0 

20 9 

1 

85 

1 

57 

1 

1 

1 

1 



120 

0 

164 

0 

135.0 | 



219 

3 

15 

2 

66 

1 

1 

1 

1 

1 

1 

135 

S 

242 

0 

119 0 

15S 

0 

229 1 

2 

07 

1 

82 

1 

1 

1 i 




115 

8 

127 

3 

117 5 



23 9 

1 

88 

1 

56 

1 

1 





135 

S 

171 

0 




24 c? 

1 

54 

1 

42 

1 

1 





152 

3 

166 

0 I 



□ 

25 o' 

2 

23 

2 

04 

1 

1 





119 

3 

149 

0 



□ 

26a' 

1 

65 

1 

53 

1 

1 





106 

3 

16S 

0 



M 


1 

7 



1 






113 

8 





1 


(600 mg per kilo DDT as a 10% solution mthout glucose) 


289 

1.90 









119 5 




299 

1.60 

1 

34 







99 3 

118 0 

135 5 

176 S 

309 

1 93 

1 

80 







137 5 

164 5 

140 0 


319 

3 30 









127 5 

250 0 



329 

1 77 

1 

55 







119 5 

151 5 

140 0 


339 

2 22 

1 

75 







150 0 

189 0 



34 o' 

2 00 

1 

88 







139 0 

154 3 


130 0 

35c? 

1 82 

1 

74 







121 0 

190 S 


118 3 

36c? 

1 92 

1 

64 







111 0 

133 3 


135 0 

37c? 

1.74 

1 

60 







128 8 

127 8 


107 3 


in rectal temperature which rose parallel with the hyperglycemia, except m one 
instance in which it dropped to a subnormal level. In contrast, moderately large 
doses of Tween 20 (0 38 cc. per kilo) caused a slight drop in rectal temperature 
(figure 3). The actual elevation in temperature produced by DDT would prob- 
ably be greater than indicated by the readings recorded, if it w ere not lessened 
and modified by the effect of Tween 20, which appears to lower the temperature. 

The effects on rectal temperature following repeated intravenous administra- 
tion of 15 mg. per kilo DDT at 2 hour intervals were more variable than they 



















BLOOD SUGAR AND GLUCOSE IN DDT POISONING 


355 


were on the blood sugar. In one animal there was a moderate elevation in tem- 
perature, while in two animals there was a progressive drop at the time when the 
blood sugar was well above normal in all three. 

The Effect of Glucose Administration on the Rectal Temperature Following the 
Oral Administration of DDT in Corn Oil. Glucose had no appreciable effect on 
the drop in rectal temperature at 18 hours and thereafter following the admin- 
istration of 600 mg. per kilo DDT as a 10% solution in com oil. This is shown 
in figure 4, curves 2 and 3. 



0 12 3 4 5 0 7 


HOURS 

Fig. 2. Effect of parenteral administration of glucose on blood sugar. 

Average of 2 animals. 

1. 0.55 gm/kg intravenously. 

2. 1.0 gm/kg intravenously. 

3. 1.1 gm/kg intraperitoneally. 

The Degree of Severity of Objective Sijmptoms Produced by the Oral Administra- 
tion of DDT in Corn Oil. In these experiments, in which the acute poisoning 
following the administration of DDT alone, and in the experiment in which glu- 
cose was administered in acute DDT poisoning, the following classification was 
arbitrarily used as a basis of evaluating the degree in severity of the symptoms: — 
Xo observation; 0, negative; + hyperexcitable; 2+ mild general tremors; 3+ 
faodcratc tremors; 4+ severe; 5+ very severe, including convulsions. 

1 here was considerable variation in the time of onset of symptoms as well as 
,n tl,c degree in severity following DDT administration in com oil. In general 
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the degree in severity of symptoms produced by DDT is proportional to the size 
of the dose of DDT administered (fig. 5, Curves 1 and 2). 

Objective Symptoms Produced by the Intravenous Administration oj DDT in 
Tween SO. While in general the S 3 'mptoms produced by the administration of 
DDT by mouth are identical with those produced by intravenous administration, 
in the latter they were quick in onset and rapidly progressive as compared to a lag 
of 3-G hours with considerably slower and more gradual progression following 



Fig. 3. Effect of intravenous DDT on rectal temperature (D indicates death of animal)- 

1,2. 20 mg/kg DDT. 

3,4,5. 30 mg/kg DDT. 

6. Control, 4 cc/kg 7% aqueous solution of Tween 20. 

7, 8, 9. Controls, 0.3S cc/kg undiluted Tween 20. 

oral administration. In some instances, hyperexcitability, twitching of the eye- 
lids and mild tremors about the head occurred before the intravenous administra- 
tion of DDT had been completed. From this stage progression to moderate 
general tremors with accelerated respiratory rate was a matter of from 10-30 
minutes. This was followed by severe tremors and convulsions when a 20 mg. 
per kilo dose had been administered. With 30 mg. per kilo doses this cycle was 
accelerated and convulsions sometimes occurred within 10 minutes following the 
completion of the injection, with recurring convulsive episodes at intervals of 
from 5-30 minutes. The convulsions lasted about 2 minutes. In some instances 
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Fig. 4. Effect of oral DDT on rectal temperature 

1. 300 mg/kg DDT. 

2. COOmg/kgDDT and glucose intravenously. 

3. 600 mg/kg DDT, no glucose 


Average of 4-10 animals. 



HOURS 

or 0-5 (seif text) 0mat0l °^ SS re ‘ ated to dosage ’ in oral DDT P oisonin G- rated on the basis 

o' DDT, average of 4 animals. 

§** ni S/| : E DDT. average of 8 animals. 

J XXo ®G/kg DDT and glucose intravenously, average of 10 animals, 
a- WO mg/kg DDT, average of 10 animals 


the animal died during the convulsive seizure. In other instances the convul- 
smnswerc followed by a state of depression -with a slowing of the respiratoiy rate 
and diminution m the severity of the general tremors. While the depression was 
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at first moderate, it usually became progressive until death of the animal from 
what appeared to be central respiratory paralysis. During the 10-10 minute 
period of progressive depression the blood sugar remained high. In cases of 
recovery the elevated blood sugar progressively dropped as the severity of the 
symptoms diminished. 

The Effect of Glucose Administration on the Symptoms Produced by the Oral 
Administration of DDT in Corn Oil. In animals receiving a single dose of GOO 
mg. per kilo DDT, there was no discernible difference in the character or in the 
degree in severity of symptoms, between those animals having received glucose 
and those not having received glucose (fig. 5, Curves 3 and 4). 

Mortality Produced by the Oral Administration of DDT in Corn Oil. Of 9 ani- 
mals which had received 300 mg. per kilo DDT, all recovered and subsequently 
gained weight, after varying degrees of symptoms. Four out of 8 animals, which 
had received GOO mg. per kilo DDT died, two of them within 15 hours, and the 
other two in 2G-37 hours. This group suffered a 50% mortality. All animals 
were weighed at regular intervals. In each group there was considerable varia- 
tion from animal to animal as regards weight loss and time of occurrence (1-10 
days) following DDT administration. 

The Effect of Glucose Administration on the Mortality Produced by the Oral Ad- 
ministration of DDT. Three out of each group of 10 animals in this experiment 
died. In the group which received glucose one died within IS hours; two in 5-6| 
days. Both of the latter developed flaccid paralysis within 18-24 hours after 
DDT administration, which continued until death. In the control group two 
animals died within 18' -22 hours, and the third in 3c days. This animal devel- 
oped flaccid paralysis 18 hours after DDT administration which persisted until 
death. Since there was a 30% mortality in each group glucose administrations 
had no apparent effect on survival. 

Chronic toxicitv studies. DDT was administered as a 5% solution in olive 
oil in 150 mg. per kilo doses three times a week to a mixed group of 6 male and 
female rabbits until death of the animals. Glucose was administered orally as a 
5% solution in water, intravenously as a 10% solution, or intraperitoneally as a 
5.4% solution five days a week at G, 24, and 30 hours following each administra- 
tion of DDT. 

During the experimental period this group receizd an average of 14 doses of 
DDT, an average of 14 doses of 1 gm. per kilo glucose by mouth, an average of 
13. 0 doses of 1 gm. per kilo glucose intravenously, and an average of 23.S doses 
of 1 gm. per kilo glucose intraperitoneally. 

A mixed control group of 9 male and female rabbits received an average of 
15.6 doses of DDT, without any other administrations. 

The treated animals lived an average of 33.8 days as compared with the control 
animals, which lived an average of 37.4 days. The treated animals lost an 
average of 410 gms., as compared to an average loss of 220 gms. for the control 
group. 

Objective Symptoms Produced by Repealed Administrations of DDT in Olive Oil. 
The symptoms of DDT intoxication varied in severity in each individual animal 
throughout the course of the experiment, from no symptoms to symptoms of 
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varying intensity. On the basis of the maximum degree of severity of symptoms 
attained by each animal, some time throughout the ex-perimental period, the 
maximum average degree in severity was 2.6 for the treated group as compared 
to 3.3 for the control group. 

The Effect of Administration of Glucose on the Pathogenesis Produced by Chronic 
DDT Poisoning. In addition to 5 of the glucose treated rabbits in the previous 
experiment, 5 additional rabbits were given repeated administrations of DDT in 
olive oil by mouth and glucose intravenously. Three of the latter received 150 
mg. per kilo DDT, two received 200 mg. per kilo DDT and from 1-5 gms. per 
kilo glucose intravenously per dose. 

Similarly, in addition to the 9 untreated rabbits in the control group 9 addi- 
tional rabbits were given repeated administrations of DDT in olive oil by mouth. 
Three of these received 150 mg. per kilo DDT and 6 received 200 mg. per kilo 
DDT per dose. 

The average daily intake of DDT in animals surviving over 10 days was 75.3 
mg. per kilo in the treated series. The total glucose intake varied from 9 to about 
88 gms. The average daily intake of DDT was 63.8 mg. per kilo in the untreated 
series. The survival periods averaged 27.3 days for the treated series and 45.8 for 
the untreated. 

Necrosis, often extensive, was present in the livers of 14 of the 18 rabbits in the 
untreated series, and in 3 of 10 of the glucose treated series. The central cyto- 
plasmic hyaline oxyphil alteration of liver cells described in previous papers (2, 
3, 5) appeared in the livers of 12 of the 18 untreated animals and in 4 of the 10 
treated. Fatty degeneration of variable grade was present in all of the livers of 
the untreated series and in only 7 of the treated animals. Besides the lower inci- 
dence in the treated series the fatty changes were also less extensive and less 
severe. Glycogen (Bauer reaction) was absent in 15 of the 16 livers in the un- 
treated series. Glycogen was demonstrated in small to moderately large 
amounts in 8 of the 10 livers in the treated series. In general glycogen tended to 
he absent in those livers in which necrosis and the cytoplasmic hyaline degenera- 
tion were most pronounced. 

Fatty degeneration of the renal convoluted or loop tubules, or both was present 
m 17 of 18 rabbits in the untreated series and in 5 of 10 in the glucose treated 
series. Congestion and edema of the lung appeared in 12 untreated and in 5 
treated rabbits. Fatty degeneration of heart muscle was noted in 17 untreated 
and 4 treated animals, and was further apparently more severe in the untreated 
group. 

Hemosiderosis of the spleen pulp was absent in 3 treated and 2 untreated rab- 
bits, slight in 1 treated and 2 untreated, moderate in 2 treated and 8 untreated, 
and severe in 2 treated and 5 untreated rabbits; an average grade on a 0-4 basis 
of 1.5 in the treated and 1.9 in the untreated series. 

The adrenals were studied in nearly all the animals and presented no significant 
lesions. The pancreas was studied in a few, with similarly negative findings. 

Pyogenic pneumonia or purulent bronchitis was present in 5 rabbits, 3 treated 
and 2 untreated. 

The gluco-e treatment apparently decreased the extent and frequency of le- 
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sions in the organs studied. This apparent decrease in Jesions, however, was not 
associated with a longer survival time or increased tolerance -to the poison. 

Discussrox. Little can be said about the mechanism by which DDT produces 
an elevation in blood sugar and an elevation of rectal temperature in rabbits. 
Its elucidation awaits further work. It may be suggested that the DDT in the 
adrenal glands may in some manner stimulate this tissue to liberate epinephrin, 
which in turn would elevate the blood sugar. It is well known that injection of 
epinephrin produces hyperglycemic effects in animals (G). It is also possible 
that both these effects may be of central nervous origin. 

On the other hand the hyperglycemia, and hyperthermia may be a physiologi- 
cal response of the organism to meet a critical need for increased energy in the 
form of glucose, which may be rapidly consumed by the muscles in their involun- 
tary' contractions produced by DDT stimulation of the central nervous system, 
and as soon as the crisis abates the blood sugar and temperature return to normal 
levels. 

In acute toxicity experiments in which DDT was administered intravenously 
to cats in a soyalecithin-com oil emulsion Koster (7) found that glucose given 
before or immediately after an LD M dose of DDT reduced convulsions and mor- 
tality. If the glucose was given preceding the administration of DDT, it also 
reduced the severity of the tremors. However, glucose was ineffective against 
an LD 95 dose of DDT except to increase the survival time. In the present ex- 
periments, glucose was ineffective in reducing the severity of the symptoms in 
acute DDT poisoning when DDT was administered by mouth in com oil. In 
chronic experiments in which repeated doses of DDT in olive oil were given, glu- 
cose administrations did not reduce the average loss in body weight, nor did it 
.increase the average survival time. However, it appeared to decrease the se- 
verity of the symptoms and the pathologic effects on some of the viscera. 

The negative effect of glucose on the symptoms and survival in the acute 
poisoning and the length of survival in chronic oral poisoning of DDT, may' be 
due to the availability' of additional blood sugar resulting from: 1) the elevation 
in blood sugar produced by the DDT oil solvent (8) in which the DDT was ad- 
ministered, and 2) the mobilization of sugar (perhaps from body' gly'cogen stores) 
produced by' DDT itself. 

Further work is required to leam something of the mechanism by which glu- 
cose apparently' decreased the extent and frequency of pathological lesions in the 
organs studied. 


SUMMARY AND CONCLUSIONS 

1. Acute severe DDT poisoning, resulting from the administration of DDI 
in corn oil, produced an elevation in blood sugar in excess of that produced by' 
the administration of an equivalent amount of com oil alone. 

2. With the administration of large doses of DDT in corn oil, the elevation in 
blood sugar occurred several hours earlier than with the administration of equiva- 
lent amounts of com oil alone, and returned to normal levels considerably' sooner 
than with com oil. 
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3. With the administration of a well tolerated dose of DDT (300 mg. per kilo) 
in com oil, the maximum drop in rectal temperature occurred at the time of the 
maximum elevation in blood sugar. The elevation in blood sugar and drop in 
rectal temperature obtained with this dose were essentially due to the com oil 
and not the DDT. 

4. In general when DDT was administered by mouth the maximum severity 
of the symptoms occurred at the time of the maximum elevation of blood sugar 
and the maximum drop in temperature. 

5. Intravenous administration of DDT in Tween 20 produced a hyperglycemia 
and a hyperthermia. 

6. The administration of glucose did not reduce the average loss in body 
weight, nor the average mortality in acute poisoning with DDT in corn oil. 

7. The administration of glucose did not reduce the average loss in body 
weight, nor did it increase the average survival time in chronic DDT poisoning, 
in which DDT was administered in olive oil. It did appear to ameliorate some- 
what the severity of the symptoms, and apparently decreased the extent and 
frequency of lesions in some of the tissues. 
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It lias been shown that curare can relieve muscular spasm of varied origin 
(1-4). The narrow margin between effective doses and those causing systemic 
effects seriously limits the usefulness of the drug (5). The experiments presented 
in this paper were carried out to discover whether it would be possible by the 
simultaneous administration of other agents to increase the margin of safety and 
usefulness of the mixture. 

The drugs administered jointly with d-tubocurarine were /3-erythroidine, 
myanesin and evipal. /3-Eiythroidine was chosen because it has a similar action 
on the myoneural junction as d-tubocurarine, but a different action on the central 
nervous system (5, G). Because of the possibility of influencing the peripheral 
action of d-tubocurarine by the simultaneous use of central depressants, myane- 
sin and evipal were used. Myanesin does not influence the myoneural mecha- 
nisms in tolerated doses, but has a depressant effect on the spinal cord (7, 8). 
With larger doses an ascending depression of the motor pathways of the central 
nervous system is obtained. Certain pharmacological and clinical experiments 
indicate that myanesin may have a selective depressant action on the nuclei of 
the midbrain (9, 10). It. has been used clinically as a substitute for curare during 
anesthesia (11). Evipal is a typical short acting barbiturate causing a descending 
paralysis of the central nervous system. It has been frequently used in con- 
junction with curare during anesthesia. 

Experimental technique. All experiments were carried out on white, male mice 
weighing 14 to 20 grams. The drugs were injected intraperitoneally according to the body 
weight of the animals. 

The influence of drugs or mixtures of drugs on muscle power was estimated by the ro- 
tating cylinder technique described by Young and Lewis (12) for the mouse assay of insulin 
and applied by Skinner and Young (13) for the assay of curare. The animals were placed 
into the rotating cylinder immediately after injection and mice falling away from the 
cylinder during 20 minutes were considered as reactors. With lethal doses, the number of 
deaths occurring 24 hours after injection was counted. 

Groups of 10 to 40 mice were injected with graded doses of the drugs or mixtures of 
drugs and the mean effective or lethal dose and its standard error evaluated according to 
the method of Miller and Tainter (14). The slope of the dosage mortality line was calcu- 
lated according to Lichtfield and Fertig's (15) formula. 

Results and discussion. Table I gives the mean effective and lethal closes, 
their standard errors, and the slopes of the dosage-effect lines of the drugs when 
administered individually. 

* Aided by a grant irom The National Foundation for Infantile Paraly'sis, Inc. 
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It is of interest to note that d-tubocurarine had the steepest dosage-effect line 
of the four drugs. The slope of the dosage-mortality line of d-tubocurarine was, 
however, quite flat, indicating that the response of the animals to muscular effects 
of d-tubocurarine w as much more uniform than their response to the lethal action 
of the drug. 

The experimental design for examining the joint action of drags was similar 
to that proposed by Bliss (16). Mixtures of d-tubocurarine with one of the other 
drugs were prepared in proportions of 1:3, 2:2 and 3:1 in terms of their mean 
effective (ED S0 ) and me'an lethal doses (LD 50 ). Graded doses of each mixture 
were injected to groups of mice and dosage-effect curves constructed. The mean 
doses of the various mixtures were found graphically and expressed in terms 
of d-tubocurarine. 

The combined action of two drags administered jointly may be classified in 
several groups: (1) Independent action occurs when the action of one drug is not 

TABLE I 


Mean effeclne and mean lethal doses of d-lubocurannc , d-enjlhroidinc, myancstn and 
enpal on mlrapcntoncal administration to male while mice 


1 i 

j LD*» ± SE* 

b. ! 

1 

Et>*« dr SE 

BM 

d-Tubocurarine 

1 

05i 0 034 

9 0 

0 2 ± 0 009 


0-Er\throidmc 

24 0 ± 0 93 

! 17 3 

13 S ± 0 96 


Mjancsin 

! 600 0 ± 22 4 

20 7 

, 92 0 ± 6 7 

10.7 

E\ ipal 

2S0 0 ± 20 4 

12 5 

2S 0 i 1 S | 

i ! 

I 144 


LDj„ Mean lethal dose in mg /kg 
EDjj Mean effective dose in mg /kg 
SE Standard error 
b Slope. 

marked!} - influenced by the presence of the other. When the curves for the two 
constituents differ in slope, one may expect an abrupt break in the dosage-effect 
cur\e of the mixture (16). The two rectilinear segments above and below the 
break would be expected to have a similar slope as the original constituents (2) 
Additive action may be complete when the combined administration of two drugs 
in complementing proportions of their equitoxic doses causes a similar effect as 
an equitoxic dose of either constituent administered alone. The two constitu- 
ents behave as if they were the same substance (substitutive addition of Loewe, 
(17)). Incomplete addition occurs when the combined effects of the two drags 
is greater than that of each constituent administered alone, but smaller than 
that expected on the basis of arithmetical summation. This type of synergism 
has "been called hetero addition by Loeuc (17). (3) Potentiation occurs when 

the combined effect of the mixture is greater than would be expected from simple 
addition. 

The type of synergism between the action of two drugs can be illustrated 
graphically by plotting equitoxic doses of various mixtures of the drags in terms 
of the more potent constituent against the concentration of the other constitu- 




364 


F. M. BERGER AND R. P. SCHWARTZ 


ents of the mixture. In Figure I. the line OA represents the mean lethal dose of 
curare in the absence of other drugs and the line OB the mean lethal doses of the 
other drugs when given alone. If an effect produced by the combination of two 
drugs lies on the line AB, the drugs have a complete additive action. If the effect 
of the combined action of two drugs is represented by points inside the triangle 
AOB, potentiation is takingplace, and if it is represented by pointsabove theline 
AB incomplete addition is spoken of. In the case of independent and different 
action the points would lie near a line drawn through point A parallel to OB. 

The mean lethal and mean effective doses and their standard errors expressed 
in terms of d-tubocurarine are given in Table II. The slopes of the individual 
dosage-effect lines and the deviation of the observed mean dose expressed as a 
percentage of the dose expected to give an additive effect is also given. The re- 
sults are also illustrated in Figure I. 




Percentage ol beta -eTytbr old tae, myanesin or evipal Jn mixtures 

Flo. 1. The mean effective and mean lethal doses of mixtures of d-tubocurarine with 
/S-erythroidine, myanesin or evipal, plotted in terms of d-tubocurarine against the concen- 
tration of the other constituent in the mixtures. 

When lethal doses were given, the combined effect of -d-tubocurarine and 
/3-erythroidine or myanesin was potentiated. The joint action of d-tubocurarine 
and evipal was incompletely additive. The effect obtained with the three mix- 
tures of each pair of drugs appeared to be largely independent from the ratio of 
one component to the other. When the LD 40 doses of the mixtures were plotted 
against their percentage compositions straight lines parallel with summation 
line AB were obtained. 

When the effect of the combinations was judged by the muscular weakness as 
measured by the inability of the animals to maintain themselves on the rotating 
cylinder different results were obtained. The joint effectiveness of d-tuboeuar- 
ine and /3-erythroidine was potentiated to a greater extent than their lethal action. 
The EDso doses of the mixtures plotted against their percentage composition 
again gave a straight line which was, however, flatter than the summation line 
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AB indicating that over the range of combinations examined potentiation in- 
creased in proportion to the d-tubocurarine contents. 

d-Tubocurarine administered with myanesin or evipal were less effective than 
would have been expected on the basis of simple summation of effects. The 
ED £0 dose plotted against their percentage composition gave curves showing an 
upward convexity, indicating that summation was least when the mixtures con- 
sisted of equal parts of each constituent. This relation was particularly marked 
in the case of evipal. 


TABLE II 

Mean effective and lethal doses after combined administration of d-tubocurarine and 
P-crylhroidinc , myanesin or evipal on intraperitoncal administration to male white 

mice 

Doses in mg. per kg. body weight express ed in terms of d-tubocurarine 


xatio or Hires 

LD*J3 ± SE* 

b • 

D* 1 

1 

ED*« db SE 

b 

D 

1 T* 

+ 3 E* 

0.096 ± 0.006 

10.4 

-23 

0.037 ± 0.003 

6.5 

-26 

2 T 

+ 2E 

0.222 ± 0.011 

15.6 

-11 

0.071 ± 0.005 

5.5 

-29 

3 T 

+ 1 E 

0.315 =fc 0.022 

12.6 

-16 

0.107 ± 0.007 

S.2 

-29 

1 T 

+ 3M* 

0.101 ± 0.004S 

| 23.4 

-17 

0.065 ± 0.006 

9.2 

4-30 

2 T 

+ 2M 

0.205 ± 0.014 

22.5 

1 -IS 

| 0.134 + O.OOS 

14.5 

+34 

3 T 

+ 1 M 

0.35 =0.014 

22.3 

1 " 7 

I 0.173 + 0.016 

7.9 j 

+15 

1 T 

+ 3H* 

0.172 ± 0.014 

9.4 

+3S 

0.071 ± 0.009 

5.6 

+42 

2 T 

+ 2H 

0.2S2 ± 0.014 

14.0 

+13 

0.143 ± 0.02 

3.1 

+43 

3 T 

+ 1 H 

0.42 ± 0.014 

16.6 

+12 

0.157 ± 0.016 

5.2 

+5 


T d-Tubocurarine. 

E (3-Erythroidine. 

M Myanesin . 

H Evipal . 

.LDio Mean Lethal Dose in mg./kg. 

EDu Mean Effective Dose in mg./kg. 

SE Standard error. 

b Slope of the dosage-effect line. 

D Percent deviation from dose giving additive effect expressed in terms of d-tubo- 
curarine. 

In order to ascertain whether the combined administration of d-tubocurarine 
and 0-erythroidine would be more advantageous and safer than d-tubocurarine 
given alone, it was necessary to take into consideration not only the potentiated 
effect, but also the relative safety of such a combination. The so called “thera- 
peutic index” of a drug or combination of drugs is often given as a ratio of the 
mean lethal dose to the mean effective dose. Expressed in this way the values 
for d-tubocurarinc and fi-erythroidine administered alone were 2.5 and 1.74. 
The ratios of the mean lethal to the mean effective dose of the three mixtures of 
these drugs gave somewhat higher values, namely 2.6, 3.1 and 2.9. Different 
results were, however, obtained when due attention was given to the slopes of 
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the dosage-mortality and dosage-effect lines. Foster (18), taking this into ac- 
count, proposed the use of the standard safety margin which gives the percentage 
above the surely effective dose (ED S3 ) at which an occasional death will occur 


(LDj) according to the formula 


_ i) 

Ved 99 / 


100. d-Tubocurarine given alone 


had a standard safety margin of 3%. Mixtures of d-tubocurarine and /3-eryth- 
roidine had no margin of safety. It would, therefore, appear that the joint 
administration of the two drugs would be less safe than an equally effective dose 
of d-tubocurarine given alone. It is, however, possible that some of the side 
effects of both drugs may cancel each other out on joint administration in man. 
There is no evidence of this in mice. All animals receiving a mean effective dose 
of d-tubocurarine showed little side effects apart from a partial loss of muscular 
strength and coordination as evidenced by their inability to maintain themselves 
on the cylinder. Animals receiving a mean effective dose of d-tubocurarine and 
0-erythroidine on the other hand appeared somewhat hyperexcitable, and 3 out 
of 40 of those injected with the mixture containing the drugs in the proportion, of 
2:2 developed tonic convulsions and died. 

The joint lethal action of d-tubocurarine and myancsin was potentiated, but 
there was only incomplete summation of the effects as judged by the ability of 
the animals to maintain themselves on the rotating cylinder. These observations 
are in agreement with the findings (S) that myanesin does not possess curare-like 
action in the small doses affecting voluntary muscles. The slight degree of 
synergism observed between d-tubocurarine and myanesin differs from the po- 
tentiation apparent after joint administration of myanesin and evipal (8). 

In view of the frequent use of d-tubocurarine during barbiturate anesthesia 
the joint effect of the two drugs is of interest. Under the conditions of these 
experiments the joint effect of d-tubocurarine and evipal resulted in incompletel}' 
additive action. The dosage-effect lines of the combinations were very flat 
and there was no standard margin of safety between lethal and effective doses. 
Although excellent results have been obtained by the use of curare during anes- 
thesia, some anesthetists believe that the procedure is risky and decreases the 
safety of anesthesia. The experiments described in this paper appear to support 
this contention. 

The results of this investigation indicate that there is little likelihood of in- 
creasing the usefulness of d-tubocurarine by the simultaneous administration of 
other drugs. The margin of safety of d-tubocurarine administered alone is small 
enough and joint administration of three other drugs with widely differing modes 
of action reduced this margin still further. In the opinion of the authors the 
real advance in the treatment of spastic and dystonic states awaits the discovery 
of drugs possessing a selective depressant action on specified levels of the central 
nervous system. 


SUMMARY" 

d-Tubocurarine and /3-erythroidine administered jointly show potentiation in 
effective and lethal doses. The margin of safety of the mixture of the drugs is 



CGHAHE SYNERGISM 


367 


smaller than that of d-tubocurarine administered alone. The combined ad- 
ministration of d-tubocurarine and myanesin showed slight potentiation in 
lethal doses and incomplete additive action in effective doses. d-Tubocurarine 
and evipal showed incomplete additive action in both effective and lethal doses. 
The significance of the findings is discussed. 

Acknowledgments. Our thanks are due to Dr. C. H. Hodge for the loan of 
his rotating cylinder apparatus and to Sir. D. E. Leary for technical assistance. 
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p-Aminosalicylic acid (PASA) has been reported to be of experimental (2, 
5, 0, 8) and of clinical value (1, 3, 4, 7) in the treatment of tuberculosis. In- 
asmuch as our laboratory has been investigating the fate of p-aminobenzoic acid 
and salicylic acid (9, 10, 11, 12) we became similarly interested in PASA due to 
its close structural relationship to these two compounds. 

Investigations have been made on the blood levels obtained with various 
dosages of PASA and on the excretion of PASA (1, 2, 7, 21, 22). Lehman (1, 2) 
and Alan and Difs (7) accounted for approximately thirty-five percent of the 
total dose in human urine. Other investigators (21, 22), in studies on rabbits, 
reported recovery of seventy to ninety percent of the administered dose in urine, 
with a large fraction being present as acetylated PASA. Further studies on its 
fate seemed indicated and are the basis of this report. 

PROCEDURES AND RESULTS 

Determination of PASA . PASA was determined spcctrophotometrically by using cstab- 
Iishcd color reactions for aromatic amines and phenols. Solutions of the compound de- 
teriorate rapidly on standing at room temperature but stability can be enhanced by addition 
of sodium hydroxide or hydrochloric acid. 

Modification of the Bratton -Marshall method (13) permitted the determination of PASA 
satisfactorily, the chief changes being to effect diazotization of an acid solution of the amine 
at 0-10° and to then couple the mixture with the dye in the presence of acetic acid. The 
maximum intensity of the color thus developed appeared within ten minutes and did not 
change materially on standing at room temperature for two hours. Inasmuch as this 
method measures many free aromatic amines, it is not absolutely specific. 

Since acid solutions of PASA decomposed rapidly upon heating over 50°, it was neccssarj* 
in determining total amines to hydrolyze for eighteen hours at 38°. Values thus obtained 
with p-acetylaminosalicylic acid (AcPASA) were comparable to an equivalent PASA solu- 
tion similarly treated or to at least 0.95 that of an unheated PASA solution. To effect 
hydrolysis 2.4 N HC1 was used as it was found that 1 2 N HC1 gave incomplete hydrolysis 
of AcPASA added to tissue and 6 N HC1 delayed color development and gave higher blank 
readings. 

The addition of PASA to minced tissues other than brain yielded 0.90 rb 0.05 recovery 
when the tissue was diluted 1:20 and precipitated with fifteen per cent trichloroacetic acid. 
Neither tungstic acid nor cadmium sulfate gave as good recovery. Recovery from bram 
was 0.80 zfc 0.10, from blood or plasma, 0.9G 0.03. No difficulty was encountered in de- 

termining PASA directly from urine diluted 1:50 or more. 


i Presented before the American Society for Pharmacology and Experimental Thera- 
peutics, March, 194S. An abstract appears in Federation Proceedings, 7 : 263, 1948. 
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Free phenol groups in urine were determined by a method essentially similar to that 
described by Brodie (14) for salicylates except that extraction with ethylene dichloride was 
omitted. Values thus obtained cannot be considered entirely reliable because it was found 
that the color intensity of AcPASA at 510 mg was 1.35 that of PASA. No corrections in 
calculations were made because other conjugates of PASA were theoretically possible and 
their effects on color intensity were not known. 

Procedure for free amine in urine. Reagents: 

(1) Standard solutions of PASA in concentrations from 0.1 to 1.0 mgm. per cent can be 
made from a stock standard containing 100 mgm. PASA in one liter of distilled water. 
Solutions should be freshly prepared. Similarly, 12S mgm. AcPASA in one liter 0.1 N 
NaOH can be used as the stock solution to make working standards of lower concentrations. 

(2) Hydrochloric acid approximately 2.4 N. 

(3) Sodium nitrite — 10 mgm. per cent. 

(4) Ammonium sulfamate — 250 mgm. per cent in 50 per cent acetic acid. 

(5) N-(l-naphthyl) ethylenediamine dihydrochloride — 100 mgm. per cent. 

(6) Trichloracetic acid — 15 per cent. 

To 2 cc. of dilute urine add 2 cc. of 2.4 N HC1 and chill in a mixture of ice and water. 
Add 1 cc. sodium nitrite reagent, shake vigorously and add 2 cc. of the ammonium sulfamate 
solution. Shake vigorously for 10 seconds and immediately add 1 cc. of dye reagent. Al- 
low at least 15 minutes for full development of color and read in a Coleman Junior Spec- 
trophotometer at 540 nm, using a reagent blank (distilled water plus reagents) to set the 
instrument to zero optical density. Estimate the concentration of free amine from the 
standard curve. 

Total amine in urine. To 2 c c. of diluted urine add 2 cc. of 2.4 NHC1, stopper with cotton 
and hydrolyze for eighteen hours, at 38°, then proceed as for free amine. 

Procedure for free and total amines in plasma. To 1 cc. plasma (or blood) add 15 cc. of 
distilled water (dilute more if necessary) plus 4 cc. of 15 per cent trichloroacetic acid. Shake 
vigorously, transfer to centrifuge tube and centrifuge for 5 minutes at 2500 RPM. Remove 
2 cc. samples of clear supernatant layer (filter if cloudy) and proceed as directed for urine. 

Procedure for rat tissue. Mince 1 part (one gram whenever possible) of tissue plus 9 or 10 
parts of H-0 in a Waring Blendor. To 4 cc. of minced tissue, add 4 cc. of trichloroacetic 
acid and mix well. Transfer, centrifuge, then remove separate 2 cc. samples of clear super- 
natant layer (filter if necessary) for determination of free and total amine. Proceed as for 
urine. 

Determination of PASA by free phenol in urine. Reagent-ferric nitrate, 1 per cent in 
0.07 N HNOj. 

Add 10 cc. of dilute urine to 0.25 cc. of the iron reagent. Read in the Coleman Junior 
Spectrophotometer at 510 my with the instrument set to zero optica] density with a reagent 
blank, and estimate the free phenol concentration from the standard curve. 

Absorption, distribution and excretion of PASA in rats 

Rats were given PASA, 200 mgm. per kgm. intravenously, and were then 
etherized immediately, fifteen minutes, two hours or four hours later. Various 
organs were removed and assayed for free and total amine in the manner pre- 
viously described. The results as shown in table 1 indicate that by far the 
highest concentration of PASA was attained in the kidney, then lung and liver, 
with the latter yielding appreciable values for conjugated amine. These levels 
fell rapidly and within four hours, practically no PASA was detected in any 
tissue except the gastro-intestinal tract. 

To ascertain whether the total administered dose of PASA could be accounted 
for, the drug concentration in the whole animal body was determined immedi- 
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Concentration 0 / p-aminosaUcylic acid in rats after ZOO mgm. per kgm. intravenously. 
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F = free amine. 
T = total amine. 


TABLE 2 


Distribution of p-aminosalicyhc acid in rats after 200 mgm. per kgm. intravenously 
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15 minutes 

141 

159 

65 


10 



23 

87 


117 

117 

49 

12 

14 

14 


79 




— 

S 


0 

23 

— 

2 hours 

29 

39 

16 

19 

to 

20 

58 

76 


17 

38 

17 

36 

40 

38 

75 

92 


11 

17 

7 

41 

47 

48 

98 

105 


8 

18 

7 

33 

37 

36 

97 

101 


24 

39 

16 


— 


— 

— 


791 

99t 

39 

38 

47 

45 

73 

102 


MGM PASA PER KGU. Cl TRACT 






2 hours 

44 

121 

7 

29 

33 

33 


69 


38 

111 

6 

23 

30 

31 


89 

4 hours 

39 

122 

15 

33 

40 

44 

84 j 

99 


52 

111 

5 

76 

27 

29 

74 

79 


44 

106 

9 

17 

23 

23 


S9 


163 

200 

14 

37 

42 

40 

93 | 

107 


* Animal minus skin and tail. 

f Intravenous dose 160 mgm- per kgm. 

j 25 per cent total dose administered intraperitoneally. 
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ately, fifteen minutes or two hours after intravenous administration of PASA. 
After the animals were stripped of their skins and tails, the carcass was minced 
thoroughly with its weight of water in a Waring blendor, and further diluted 
with nine or ten parts of distilled water. A four cubic centimeter sample was 
treated as described in tissue determination. Total urine was collected and 
analyzed for free and total amine and free phenol. After two hours less than 
twenty percent of the total dose administered was recovered from the animal 
carcass (table 2) and practically all the remainder in the urine. 

To investigate further the extent of PASA storage in tissue, three rats were 
each given six single 200 mgm. per kgm. doses intraperitoneally over a forty-eight 
hour period. Twenty-four hours after the last injection, the concentration of 
free and total amine was determined in the animal carcass. The presence of 
PASA could not be demonstrated, indicating little if any storage of the com- 
pound. 


TABLE 3 


Distribution of p-aminosalicyhc acid in rats sacrificed four hours after 200 mgm. per l.gm. 

orally 


KGU PEZKGV C AX CASS* | 

j MCI! 

PEJt KGU 

Cl TRACT | 


iicir. ix nisi 


PER CENT 
TOTAL DOSE 
ACCOUNTED 
FOR 

FXH= 1 

i 

; TVHs ! 

Per cent i 
T dose ; 

[ F NTT- 

| T nh- 

! Percent ‘ 
f Tdo^e t 

F OH | 

FXHj 

j TNH.- 

Per cent 

T dose 

0 ! 

5 

2 

' 26 

! 45 

j 2 ’ 

46 

3S 

! 46 

82 

S6 

11 

13 

i 

1 ° 

* 57 

1 76 

| 4 

3S 

31 

| 3S 

6S 

77 

4 

s 

3 

' 15 

I 31 

. 2 , 

3S 

33 

! 40 

S5 j 

90 

5 

6 

1 4 

39 

47 

4 j 

16 

13 

j IS 

S2 | 

90 


* Animal minus skin, tail and gastrointestinal tract. 

F XHj = free amine 
T XII. - total amine 
T dose <= total dose 

The absorption of PASA was studied in a fourth group of rats by comparing 
the amount of PASA present in the total animal carcass (whole animal minus 
gastrointestinal tract, skin and tail), the entire gastrointestinal tract plus 
excreta and in the urine two and four hours after oral and intravenous adminis- 
tration. Rapid and total absorption of sodium PASA is indicated by the fact 
that within four hours approximately eighty percent of the compound can be 
accounted for in the urine (table 3) and by the fact that gastrointestinal levels 
approximate those found after intravenous administration (table 2 and 3). 
Although the concentration of PASA in the gastrointestinal tract is rather low, it 
represents most of the PASA still remaining in the animal body. This suggests 
that the intestines are probably involved to a small extent in the excretion of 

p-aminosalicylic acid. 

Binding of PASA by plasma proteins 

Studies of the binding of PASA by plasma proteins u ere investigated on plasma 
obtained from individuals receiving the compound. The ultrafiltration 
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technique of Lavieties (15) was adopted, using Visking membranes. Experi- 
ments in vitro were performed with 50, 100 and 500 mgm. per liter of PASA 
dissolved in 3.5 percent bovine albumin buffered with 0.15 M phosphate to 
pH 7.4. Xo significant changes in PASA concentrations were noted in plasma 
allowed to stand during the period of ultra filtration (usually overnight). 

As can be ascertained from figure 1, at plasma levels from 40-100 mgm. per 
liter, approximately fifty to sixty percent is bound to plasma-proteins, pre- 
sumably albumin. In vitro results with 3.5 percent crystalline bovine albumin 
containing 50, 100 and 500 mgm. per liter of PASA show respective bindings of 
70, GO and 50 percent. 



mgm/liltr PASA plaimo 

Fic. 1 . Binding of PASA in Human Plasma and Bovine Albumin 

Distribution of PASA in dog and human blood 

In order to determine the distribution of PASA in blood, blood samples were 
taken from dogs and humans receiving a single dose of the compound (dogs in- 
travenously; humans orally) using heparin as an anticoagulant. Free amine in 
whole blood and in plasma as well as apparent cell volume were determined and 
used to calculate the amount in red cells. 

Data on the distribution of PASA in blood are summarized in table 4. The 
amount present in the red cells is relatively low. At fifteen minutes about 
seventy percent of the compound is present in the plasma and it remains un- 
changed at the end of three hours. In three individuals where the concentration 
of PASA in the plasma ultrafiltrate was simultaneously determined, the values 
obtained were of the same order of magnitude as the PASA concentration in cell 
water (table 5). 

At the end of the fourth hour in many instances the calculated percent of free 
amine in the plasma appears to decrease. We hope to investigate these findings 
further on individuals who have received repeated doses of PASA 



TABLE 4 

Distribution of p~amtnosalicylic acid in dog and human blood 


STBjrcr 

TIME 

ELOOD 

PLASMA 

EXYTSXOCYTES* 

P ZS. CENT JN 
PLASVA 


hours 

nim PAS A filler 

mgm PAS A filler 

njm PAS i filter 


Dog A 

0:15 

14-1 

203 

73 S 

76 


1:00 

92 5 

127 

52 2 

74 


3:00 

47.5 

64.2 

28 1 

73 


5-00 

24 5 

24 5 

24 6 

Si 

Dog B 

0:15 

136 

177 

89 7 

70 


3:00 

26 3 

43.2 

7.2 

S7 


5-00 

10 5 

12 0 

8 1 

64 

EL 

1:00 

36 6 

57 3 

16 2 

S2 


3:00 

IS 4 

28 8 

7 1 

82 


5:00 

16 5 

16 6 

16 4 

56 

J.\ 

1:30 

52 5 

92 1 

f 26 7 
\32 Of 

83 

71 

CD 

1:30 


21 0 

9 3 

70 

MK 

1:30 

— 

40 3 

16 0 

78 

SK 

1:00 

61 0 

82 0 

37 3 

74 

EG 

4:00 

11 3 

6 1 

17 5 

31 

1 00 

57 2 

99 0 

22 8 

79 

GC 

1 00 

9 2 

14 7 

4 7 

71 

1.15 

78 0 

123 

29 1 

89 

JR 

1.30 

1 41 0 

1 58 6 

21 9 

74 

AH 

4:00 

9 2 

15 S 

20 4 

89 

1:30 

48 5 

; 72 0 

20 9 

S4 


4:00 

12 6 

| 6 3 

19 8 

28 

— 

' 

1 





* r, „ wnoie oiooa i 

Concentration in cells 

t Determined values on packed cells 


cell volume 


TABLE 5 

Distribution and binding of p aminosalicylic arid in human blood 



| SUBJECTS 

EL 

■NfX 

JN 


rr.£tn PASA fitter 

mgm PASA fitter 

mgm PASA fitter 

Whole blood 

36 6 



52 5 

Plasma 

57 3 

40 3 

92 1 

Erythropj tes 

16 2* 

10 0 

20 7* 


1 

1 

| 32 0 

Plasma ultrafiltr tte 

20 5 

i 19 5 

i 44 4 

Cell water 

22 5* 

22 t* 

1 44 5* 

Per cent bound 

01 

52 


Per cent in plasma 

S2 

7S 

S3 


Calculated \ nlucs 
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Plasma curve and excretion of PASA in dogs 

The plasma concentration of PASA was obtained on three dogs given 100 mgm. 
per kgm. of the sodium salt of p-aminosalicylic acid intravenously. After ob- 
taining hematocrits, total blood, plasma and urine were determined for free and 
conjugated amines at various time intervals. Urine was also analyzed for free 
phenol. 

The plasma-concentration time curve of PASA as obtained from averaging 
values determined on three dogs is shown in figure 2. The concentration of free 
amine in plasma falls from a level of approximately 200 mgm. per liter in fifteen 
minutes to less than 20 mgm. per liter within seven hours. On extrapolation of 
the log of plasma levels to zero, the values thus obtained and the dose in mgm. 



hour* 

Fig. 2. Concentration of PASA in Plasma and Its Rate of Excretion in Three 
Dogs after Approximately 100 Mgm. per Kgm. Intravenously 

per kgm. for each dog were used to calculate the apparent volume of distribution 
in percent of body weight. The results obtained respectively in each dog were 
33, 31 and 36 percent. If the assumption is made that dog plasma binds PASA 
to the same extent as human plasma these values would be roughly doubled, 
indicating penetration of the drug into at least some of the intracellular fluids. 

Closely following the fall in plasma PASA is the rapid rate of urinary excretion 
of the compound. The percent of PASA excreted in the urine after the end of 
the first hour is somewhat higher than those shown in figure 2 as no rinsing of the 
bladder or catheter was carried out. Eighty to ninety percent of the injected 
PASA was accounted for as free amine or free phenol. This indicates that very 
little conjugation of the amine or phenol grouping of PASA occurs in the dogs 
after a single dose of the compound. 

Adsorption and excretion of PASA in man 

Blood levels and urinary excretion of PASA in man were made on student 
volunteers and on tubercular patients. Hematocrits, total lilood, plasma and 
urine levels of PASA at various time intervals were obtained on student volun- 
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teers after single four gram oral doses of the sodium salt. Five tubercular 
patients received 2.5 grams at 6 hour intervals over a tiventy-four or thirty hour 
period. PASA plasma levels were determined two to six hours after the last 
dose. Total collections were analyzed for free and conjugated amines and free 
phenol. 

The plasma curve obtained from individuals taking a single oral 4 gram dose 
of the sodium salt of PASA is shown in figure 3. No correction was made for 
differences in body weight. Although there are individual variations, rapid and 
complete absorption of PASA is indicated by the fact that peak plasma levels 
occur between the first and second hour and by the fact that within seven hours 



I'm. 3 . Human Plasma Curve of PASA after Sinole 4 Gram Dose (OrEN Circles 
and Repeated 2.5 Gram Doses (Filled Circles) 

approximately eight-five percent of the compound can be accounted for in the 
urine (figure 4) as free and conjugated amines. 

After repeated single oral 2.5 gram doses of PASA the plasma curve obtained 
for free amine after the last dose approximates that of the single 4 gram dose, 
while values for conjugated amine arc slightly higher (figure 3). Eighty to 
eighty-five percent of the total amount given was accounted for in the urine 
collected during the period of administration and for the following ten hours 
(table 0). The continental workers who accounted for only thirty-five percent 
of the total dosage of PASA in urine (7) probably destroyed much of the PASA 
and AcPASA present by boiling with concentrated hydrochloric acid. The rapid 
excretion of PASA suggests that if it is necessary to maintain an active blood level 
for clinical effectiveness, it must be given at four hour intervals. 

Recovery values of PASA ns free phenol in urine are somewhat higher than for 
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Plasma curve and excretion of PASA in dogs 

The plasma concentration of PASA was obtained on three dogs given 100 mgm. 
per kgm. of the sodium salt of p-aminosalicylic acid intravenously. After ob- 
taining hematocrits, total blood, plasma and urine were determined for free and 
conjugated amines at various time intervals. Urine was also analyzed for free 
phenol. 

The plasma-concentration time curve of PASA as obtained from averaging 
values determined on three dogs is shown in figure 2. The concentration of free 
amine in plasma falls from a level of approximately 200 mgm. per liter in fifteen 
minutes to less than 20 mgm. per liter within seven hours. On extrapolation of 
the log of plasma levels to zero, the values thus obtained and the dose in mgm. 



Fig. 2. Concentration- of PASA i.v Plasma and Its Rate of Excretion in Three 
Dogs after Affroxijiatelv 100 Mgm. ter Kgm. Intravenousi.v 


per kgm. for each dog were used to calculate the apparent volume of distribution 
in percent of body weight. The results obtained respectively in each dog were 
33, 31 and 36 percent. If the assumption is made that dog plasma binds PASA 
to the same extent as human plasma these values would be roughly doubled, 
indicating penetration of the drug into at least some of the intracellular fluids. 

Closely following the fall in plasma PASA is the rapid rate of urinary excretion 
of the compound. The percent of PASA excreted in the urine after the end of 
the first hour is somewhat higher than those shown in figure 2 as no rinsing of the 
bladder or catheter was carried out. Eighty to ninety percent of the injected 
PASA was accounted for as free amine or free phenol. This indicates that very 
little conjugation of the amine or phenol grouping of PASA occurs in the dogs 
after a single dose of the compound. 

Absorption and excretion of PASA in man 

Blood levels and urinary excretion of PASA in man were ( mnde on student 
volunteers and on tubercular patients. Hematocrits, total blood, plasma and 
urine levels of PASA at various time intervals were obtained on student volun- 
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a long period of time, it would seem wise to administer the compound only as the 
sodium salt or in conjunction with adequate amounts of sodium bicarbonate. 
An additional advantage may be that the continued administration of high doses 
of the sodium salt will not affect the alkali reserve of the body, whereas, with 
continued treatment with the free acid it is highly possible for an acidosis to 
develop. Furthermore, it is our experience that the sodium salt appears to 
cause less nausea in patients. 

Ultra-violet sPEcrnoPHOTOMETRic studies ox PASA 

Spectrophotometric measurements were carried out in a Beckman Model 
DU photoelectric quartz spectrophotometer. As can be ascertained from 



Wave length -millimicrons 


Fig. 5. Ultraviolet Absorption Corves of PASA as d AcPASA 


figure 5, the ultra-violet absorption spectrum of PASA indicates a peak at 266 
n>M and another at 298 m/i. Two samples of PASA (10 mgm. per liter) obtained 
from different commercial houses gave essentially the same curve, although the 
lighter colored preparation gave slightly higher readings. An equivalent solution 
of AcP ASA shows maxima at 261 m n and 301 mu, approximately the same region 
or PASA. The first peak of AcPASA, however, is somewhat higher and 
loader than that for PASA. Consequently, when it was found that man 
conjugates PASA to an appreciable degree, extensive spectrophotometric studies 
''ore not made. However, an ether extract of a urine sample buffered in pH 
acetate from a dog given PASA exhibited a spectrum which appeared to 
closely coincide with that of an ether extract of PASA (figure 6). 
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free plus conjugated amines but if correction is made for the higher color in- 
tensity given by conjugated amines with iron, the values closely approximate 
those for total amine. However, this correction is not entirely valid for reasons 
previously stated under methods. 



Fig. 4. Rate of Excretion and Per Cent Recovery of PASA in Individuals after 
a Single Oral 4 Gram Dose 

Straight lino denotes total amines, dashed line conjugated amine and dotted line free amine 

TABLE 0 


Per cent of PASA recovered in urine of individuals receiving repeated single 2.5 gram doses 

every 4-6 hours 

Total urine was collected throughout the experiment and for the following ten hours 


PATIENT 

NO. or DOSES 

| TOTAL CRAMS j 

F-NH, 

C-NHi 

1 T-NHj 

F-OH 

DHc? 

4 




SI i 

mm 

TBtf 1 

G 





■Sr 

*T\VcT 

G 





IbmI 

FG9 

5 







* Total urine collected until 6 hours after last dose. 

F = free, C = conjugated, T = total, NH. = amine, OH = phenol. 


In contrast to the findings on the rat and the dog, humans conjugate PASA to 
a much greater extent. As can be ascertained from table 6, roughly fifty to 
seventy-five percent of the amines in the urine of humans is in the conjugated 
form. This finding maj' be of practical importance because we have found'that 
p-acetylaminosalicylic acid is quite insoluble in acid but its solubility increases 
considerably with an increase in pH. To minimize the dangers of possible renal 
damage in tubercular patients who would be receiving high doses of PASA over 
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distribution of the urinary amines in an acetate pH 3.2-ether, -ethylene dichloride 
or -isoamyl alcohol system was compared with that of PASA and AcPASA 
respectively. A 3 cc. sample of diluted urine was equilibrated with 3 cc. of 
acetate buffer and 20 cc. of each solvent by vigorous shaking. The solvent was 
then removed and the aqueous layer was analyzed for unextracted amines. 

The results are summarized in table 7. It was found that the urinary amines 
were extracted to a lesser extent than the standards, thus indicating the presence 
of one or more amines which are more soluble in water. Considerable species 
difference is also apparent. As indicated in the results, man converts PASA 
to more water soluble derivatives to a greater extent than either the rat or dog. 

Some qualitative tests were made on the urine of various individuals given 
PASA in order to ascertain something of the nature of the water soluble meta- 
bolites. Only slight or no reducing properties were obtained with Benedict’s 
solution. Tests for glycuronate using Dische’s method (20) also yielded negative 
or only slightly positive results. These findings are in contrast to results ob- 
tained with two closely related derivatives of PASA, namely p-aminobenzoic and 
salicylic acid, both of which give rise to a considerable increase in urinary 
glycuronates (11, 19). 

Countercurrent studies on urine metabolites of PASA 

Fractionation and characterization of urinary products was carried out using 
a modification of Craig’s countercurrent technique (16, 17). 

Procedure. Total twenty-four hour urine was collected from an individual who received 
ten grams of the sodium salt of PASA in divided doses over a twelve hour period and 
analyzed for free and conjugated amines. A 10 cc. sample of urine was then diluted with 
■10 cc. of 2 M acetate buffer pH 3.35 (proportions of a mixture previously determined to 
give a final pH of 3.40) and a sixteen transfer separation was effected in a system consisting 
of equal parts of isoamyl alcohol and 1.6M acetate buffer pH 3.40. The lower aqueous 
acetate phase was allowed to migrate and its transfer from one bottle to another was facili- 
tated by means of a long hypodermic needle attached to a 50 cc. syringe. Some difficulty 
was encountered in carrying out the process. Emulsion formation occasionally caused 
delays and made separation of the two layers difficult. At the end of the distribution pro- 
cedure, bottle 0 was found to contain only about 40 cc. of the isoamyl layer. 

The lower acetate layers were then determined for free and conjugated amines by the 
usual method. The amines in the isoamyl alcohol were determined by extracting 1 cc. 
of the upper layer with 10 cc. of 0.1 N or 0.5 N NaOH and then analyzing-the aqueous alka- 
line la 3 -er in the usual manner. The values were then corrected for the amount lost in the 
extraction. The total amounts of free and conjugated amines in each bottle were thus 
determined. The characteristic distribution curves were then obtained by plotting the 
fraction of the total amount of free and conjugated amines present in each bottle against 
the number of the bottle. The experimental curves were then compared with the theo- 
retical ones calculated in the manner described by Williamson and Craig (18). 

The distribution pattern of free and conjugated amines obtained on the urine 
of one individual is shown in figure 7. It is quite obvious that sixteen transfers 
did not effect complete separation of the constituents, but sufficient fractionation 
occurred to indicate that at least three free and two conjugated amines were 
present. If an attempt is made to calculate a theoretical curve to get the ex- 
nerimentnl free nminp rliotvibiitlrm n reasonable approximation is obtained if 
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Wave length = mu 

Fig. 6. Ultraviolet Absorption Curves or Ether Extracts of PASA and Urine of 

Dog Given PASA 

TABLE 7 


Distribution of PASA, AcPASA and urine metabolites of the iat, dog and man buffered with 
2 U acetate pH S.2 after equilibrating with various solvents 



PER CENT UNEXTRACTED 


ETHER 

I ETHYLENE BICHLORIDE 

j ISOA1TVL ALCOHOL 

1 

F 

c 

F 

c 

MK 


Standard 

1 

1 

41 

81 

1 

3 

B 

.. /Group I (3) 

Kat5 \Group 11(3) 

10 

0? 

46 

103? 

15 

■ 

16 


51 
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17 

u 

Dogs 

17 

25 

— 

51 

52 

- J 

— 

■ 

[DH 

40 

23 

66 

85 

26 

14 


39 

39 

64 

93 



— 


43 

38 

74 

85 

— 

[ 

[tb. 

39 

41 

69 i 

S3 

— 



F = free amine. 

C = conjugated amine. 

? = values too low for accurate determination. 


Partition coefficients of PASA, AcPASA and urinary products 

As a preliminary before application of the countercurrent technique, the 
solubility characteristics of the urinary amines found in the rat, dog and man 
given PASA were first investigated by a single extraction procedure. The 
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eighteen percent is PASA, thirteen percent is p-aminosalicyluric acid and re- 
mainder represents one free amine and one conjugated amine which are highly 
water soluble. None of the fractions gave a positive test for glvcuronates. 
Further studies are necessary to establish the identity of these metabolites. 
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SUMMARY 

(1) Methods are presented for the rapid determination of p-aminosalicylic 
acid (PASA) in urine, plasma or tissues as free amine, conjugated amines, or free 
phenol. 

(2) In various studies on rats, dogs and humans the sodium salt of PASA was 
found to be rapidly and totally absorbed and rapidly excreted. About eighty- 
five percent of the administered dose can be accounted for in the urine within 
ten hours. 

(3) After administration of PASA, recovery of one or more conjugated amines 
is highest in man (sixty per cent of total dose), next in the rat (ten per cent) and 
least in the dog (zero per cent). 

(4) Three compounds containing a free amino group and two compounds 
containing a conjugated amino group were separated in the urine of one in- 
dividual taking PASA. Two of the free amino compounds are believed to be 
unchanged PASA and p-aminosalicyluric acid and one of the conjugated amino 
compounds to be acetylated PASA. 

(5) No demonstrable storage of PASA occurs after single or repeated doses in 
rats. By far the highest concentrations are temporarily attained in the kidney, ' 
the lung and liver, and appreciable amounts are bound by plasma proteins. 

(6) After a single oral four gram dose or following repeated two and one-half 
gram doses every six hour in humans, a maximum level of approximately 100 
mgm. per liter is rapidly attained which falls to less than 10 mgm. per liter within 
six hours. 

(7) It is recommended that PASA be administered clinically as the sodium 
salt and/or with adequate amounts of sodium bicarbonate to guard against 
crystalluria, acidosis and to decrease nausea. 
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three amines with respective partition coefficients 6.10, 0.76 and 0.054 are present 
in the hypothetical proportions of 52, 37, 11 percent. The theoretical points to 
be expected from summation of the three curves are indicated in the chart. 
Likewise the theoretical points for conjugated amines were calculated on the 
assumption that 90 percent of a compound with a partition coefficient of 5.95 
and 10 percent' of another with a partition coefficient of 0.17 were present. The 
low experimental values in bottle O were probably due to the experimental loss 
of part of the upper isoamvl layer to the other bottles. 

In order to further characterize some of the urinary fractions, a comparison 
was made of the partition coefficients of the material from each maximum point 
of the experimental distribution curve with those obtained of compounds we had 



Fig. 7. Distribution Curve of Free and Conjugated Amines in Urine of one 
Individual after Taking 10 Grams of PASA in Four Divided Doses 

on hand. In bottle two, the partition coefficients of the free and the conjugated 
amine were fouhd to be 6.23 and 5.84 respectively. When the partition coef- 
ficients of PASA and AcPASA were determined for the same system as used in the 
counter-current distribution, the values obtained respectively were 6.18 and 5.90. 
There is reasonable evidence, therefore, to suggest that bottle two contains 
PASA and AcPASA. 

At another maximum point of the distribution curve, namely bottle nine, the 
partition coefficient of the free amine present was found to be 0.75. The par- 
tition coefficient of p-aminosalicyluric acid (2-hydroxy-4-amino-hippuric acid) 
for the same system was determined to be 0.74, indicating, therefore, that the 
substance in bottle nine is probably p-aminosalicyluric acid. 

If such is assumed to be the case, then of the total urinary amines excreted by 
this individual after taking PASA, approximately fifty-nine percent is AcPASA, 
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Rutin is a flavonol-glycoside which undergoes hydrolysis with acid to yield 
quercetin, dextrose and rhamnose. Its structural formula was established by 
Attree and Perkin (1) in 1927. 
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In 1936 Szent-Gyorgyi and associates (2) prepared an extract from lemon peel 
named Hesperidin (another flavonol sugar chemically related to rutin), which 
reduced capillary fragility and decreased capillary permeability. Rutin was 
found in a variety of plants, including tobacco, garden rue, forsythia, elder 
flowers, violets and buckwheat (3, 4, 5). Couch and associates obtained a yield 
of 0.4 per cent of rutin from tobacco leaf as compared with 2.98 per cent from 
buckwheat plants three weeks old, and buckwheat now serves as the principle 
source of supply. 

Clinical studies by Griffith and associates (6) were made on 1600 white-skinned 
hypertensives. Of this group increased capillary fragility appeared in 306, and 
198 persons were followed in detail for an average of eleven months. Hemor- 
rhagic complications such as apoplexy and retinal hemorrhages were more com- 
mon in the group showing increased fragility. Administration of rutin usually 
reduced increased capillary fragility to normal and appeared to protect against 
such hemorrhagic complications. Ambrose and DeEds (7) have reviewed litera- 
ture and shown that rutin decreased cutaneous capillary permeability as deter- 
mined by the method employed. Further clinical studies by Shanno (8) 
showed that the administration of rutin was effective in decreasing pulmonary 
bleeding in two cases which had resisted other treatment. Kushlan (9) success- 
fully checked intestinal bleeding in a patient with hereditary hemorrhagic tel- 
angiectasia by the administration of rutin. This led us to wonder what effect 
rutin might exert on the coagulation of blood, a point not found in available 
literature. This investigation was conducted to learn the effect of administration 
of rutin alone, as compared with combinations or mixtures of rutin with dicu- 
marol or with bile salts, on the coagulation time of the blood of rats, as related 
to checking of hemorrhage (6, 8). 


383 



382 


WAY, SMITH, HOWIE, WEISS AND SWANSON 


4. Valentin, G.: Svenska lak. tidnung, 43: 2047, 1946. 

5. Youmans, G. P.: Quart. Bull. Northwest. U. Med. Sell., 20: 420, 1940. 

6. Feldman, W. H,, Karlson, A. G., and Hinshaw, H. C.: Proc. Staff Meetings Mayo 

Clin., 22: 473, 1947. 

7. Alin, K., and Dies, H.: Nordisk Med., 33: 151, 1947. (Translation by E. I. Hoegberg 

issued by American Cyanamid Co.) 

8. Youmans, G. P,, Raleigh, G. IV., and Youmans, A. S..- J. Bact. 54 : 409, 1947. 

9. Smith, P. K„ Bayliss, J. R., Orgorzalek, S., and McClure, M. M. : Fed. Proc., 5: 

154, 1946. 

10. Tabor, C. W., Baily, J., and Smith, P. K.: Fed. Proc., 6: 376, 1947. 

11. Tabor, C. W., Baily, J., and Smith, P. K.: Fed. Proc., 7: 258, 194S. 

12. Smith, P. K., Gleason, H, L., Stoll, C. G., and Oroorzalek, S.: This Journal, 87: 

237, 1946. 

13. Bratton, A. C., and Marshall, E. K., Jr.: J. Biol. Chem., 128:537, 1939. 

14. Brodie, B. B., Udenfriend, S., and Coburn, A. F.: This Journal, 80: 114, 1944. 

15. Lavieties, P. H.: J. Biol. Chem., 120: 267, 1937. 

16. Craig, L. C.: J. Biol. Chem., 165: 519, 1944. 

17. Craig, L. C., Columbif., C., Miohton, H., and Titus, E.: J. Biol. Chem., 161: 321, 

1945. 

IS. Williamson, B., and Craig, L. C. : J. Biol. Chem., 168: 6S7, 1947. 

19. KArp, E. M., and Coburn, A. F. : J. Biol. Chem., 146: 549, 1942 

20. Dische, Z.: J. Biol. Chem., 167: 189, 1947. 

21. Venkataraman, A., Venkataraman, P. R., and Lewis, H. B. J. Biol. Chem., 173: 

641, 1948. 

22. McClosky, W. T., Smith, M. I., and Frias, J. E G.- This Journal, 92 : 447, 1948. 



EFFECT OF 'KOTIN ON COAGULATION TIME OF RAT BLOOD 


M. B. PLUNGIAN, JAMBS C. MUNCH, and J. B. WOLFFE 

Department of Research, School of Pharmacy, Temple University, Philadelphia, Pa. and 
Wolfe Clinic, Philadelphia, Pa. 

Received for publication September 4, 1947 

Rutin is a flavonol-glycoside which undergoes hydrolysis with acid to yield 
quercetin, dextrose and rhamnose. Its structural formula was established by 
Attree and Perkin (1) in 1927. 
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In 1936 Szent-Gyorgyi and associates (2) prepared an ex-tract from lemon peel 
named Hesperidin (another flavonol sugar chemically related to rutin), which 
reduced capillary fragility and decreased capillary permeability. Rutin was 
found in a variety of plants, including tobacco, garden rue, forsythia, elder 
flowers, violets and buckwheat (3, 4, 5). Couch and associates obtained a yield 
of 0.4 per cent of rutin from tobacco leaf as compared with 2.98 per cent from 
buckwheat plants three weeks old, and buckwheat now serves as the principle 
source of supply. 

Clinical studies by Griffith and associates (6) were made on 1600 white-skinned 
hypertensives. Of this group increased capillary fragility appeared in 306, and 
198 persons were followed in detail for an average of eleven months. Hemor- 
rhagic complications such as apoplexy and retinal hemorrhages were more com- 
mon in the group showing increased fragility. Administration of rutin usually 
reduced increased capillary fragility to normal and appeared to protect against 
such hemorrhagic complications. Ambrose and DeEds (7) have reviewed litera- 
ture and shown that rutin decreased cutaneous capillary permeability as deter- 
mined by the method employed. Further clinical studies by Shanno (8) 
showed that the administration of rutin was effective in decreasing pulmonary 
bleeding in two cases which had resisted other treatment. Kushlan (9) success- 
fully checked intestinal bleeding in a patient with hereditary hemorrhagic tel- 
angiectasia by the administration of rutin. This led us to wonder what effect 
rutin might exert on the coagulation of blood, a point not found in available 
literature. This investigation was conducted to learn the effect of administration 
of rutin alone, as compared with combinations or mixtures of rutin with dicu- 
mnrol or with bile salts, on the coagulation time of the blood of rats, as related 
to checking of hemorrhage (6, 8). 


383 



384 


M. B. PLUNGIAN, JAMES C. MUNCll AND J. B. WOLFFE 


All doses were administered orally to Wistar strain albino rats, having an average weight 
of 200 grams. In a preliminary study tests were made to determine the threshold doses for 
rats which would affect coagulation time. It was found that the threshold effective dose of 
rutin alone was 14 mg., and of dicumarol alone was 8 mg. for rats weighing 200 to 250 grams. 
In this investigation litter mate female rats were used. They were fed on a diet of Purina 
Dog Chow, and had water ad libitum. Weighed doses of each drug or combination of drugs 
were suspended in 1 cc. of water, the suspension drawn into a Luer syringe with blunted 
needle and introduced into the stomach to insure accuracy of dosage. All doses were 
administered on the basis of mg. of drugs per rat, not mg./'kg. body weight, although all rats 
were weighed before starting the investigation. Doses were given six days weekly for a 
period of six weeks, with the exception of the group receiving bile salts, which were under 
treatment for only three weeks. In general eight rats were used in each group under test, 
except the control and the bile salts group which consisted of three rats each. 

The rutin used in this investigation was supplied by Dr. James F. Couch. The dicumarol 
was purchased on the open market. The bile salts were prepared bj’ extracting 6odium 
glycocholate and sodium taurocholate in the commercial lot of dried ox bile, and mixi ng 
these products in equal proportions for use. 

The. coagulation time of rat blood was determined by the capillary tube method de- 
veloped by Sabraze (10) for human blood. A sample of blood was drawn into a glass tube 
with an inside diameter of 0.8 mm. until three-fourths of the tube was filled. The tube 
was rotated up and down to observe the flow of blood until no flow was noted. The in- 
terval between placing blood in the tube and time when coagulation developed was read 
with a stop watch. The tube was then broken to confirm the coagulation as evidenced by 
the appearance of a thread connecting tho broken segments. 

The vein at the end of the tail was nicked and samples of blood taken from each rat be- 
fore starting treatment, and at intervals of three hours and twenty-four hours after the ad- 
ministration of a dose of the drugs used. The control group was given no medication, but 
bled at the same time as the experimental rats. In addition samples of blood were taken 
forty-eight hours after tho last medication over the week-end; that is doses of drugs were 
administered on Saturday and samples drawn on Sunday and again on Monday morning 
immediately before administration of the next dose. 

Blood from unmedicated rats showed coagulation time of approximately 90 
seconds, when measured by this method. When successive samples of blood 
were taken from the same rat, coagulation time agreed within 5 seconds, or less- 
In studies on forty-eight rats the range of coagulation time before medication 
was started was from 70 seconds to 100 seconds, with an average value of 89.2 
seconds and a standard deviation of 0.85 seconds for this mean value. 

The average coagulation time for rats in a group in the control and in the 
groups treated with each of the drugs are shown in Table I. For the group in the 
control period, the average coagulation time was 89 seconds before drugs were 
given to any rats in this group. Samples of blood taken 3 hours, 24 hours and 
48 hours after the period corresponding to administration of drugs in the treated 
groups of rats showed decreases of 2 per cent, 3 per cent and 1 per cent in the 
rate of coagulation, as compared with the original values of 89 seconds. Simi- 
larly results at the end of weekly intervals, including the sixth week, indicate 
that there was no significant change in the rate of coagulation of the blood of 
rats in this control group. 

The average coagulation time for the group to receive rutin was 90 seconds; 
after treatment there was a progressive decrease in the coagulation time, and 
essentially equivalent values were noted for the 3 hour, 24 hour and 48 hour 
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samples. The average time for the group to receive bile salts was 87seconds; 
during treatment there was a decrease in coagulation time, which was less than 
that produced in the rutin group. This decrease following bile salts is in agree- 
ment with the findings of Butt and co-workers (1 1) and of Warner et al (12) that 

TABLE I 

Percentage changes in coagulation time of rat Wood following treatment 
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1 week | 2 weeks | 3 weeks | 4 weeks | 3 weeks | 6 weeks 
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simultaneous administration of bile salts and Vitamin K were effective in the 
treatment of hemorrhagic diathesis in human jaundice. 

On the other hand the group receiving dicumarol showed a definite increase in 
coagulation time, as expected. The greatest increase was noted in the 3 hour 
samples, the 24 hour samples being usually less marked in their changes. The 
48 hour samples showed much smaller changes, indicating that the dicumarol 
effect was transitory, as contrasted with the effect produced by rutin. 
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These doses of rutin and dicumarol together were administered to another 
group of rats. The coagulation shortening time of rutin was overcome by the 
prolonging action of dicumarol. The observed times of coagulation were less 
than the calculated times, based on the behaviors of the drugs administered alone, 
suggesting that the rutin effect tended to overcome that of dicumarol. This 
effect changed with time in the same way that the dicumarol effect had altered. 

Administration of combinations of rutin and bile salts produced additive or 
potentiating prolongation in coagulation time. The observed coagulation times 
were longer than had been estimated: additional studies will be needed to indicate 
whether this is due to variations in individual animals, or to a true potentiation 
of effect. 

Finally combinations of the three products (rutin, bile salts and dicumarol) 
were given to another group of rats. The observed effects were generally indica- 
tive of shorter coagulation time than expected; the rutin and bile salts appeared 
to produce a greater effect in this proportion than did the dicumarol. We have 
no information to show the effect of different proportions of these products. 

These observations of the changes in coagulation time of the blood of albino 
rats after the administration of rutin, bile salts and dicumarol are being extended 
to other species of animals and also to man. 

CONCLUSIONS 

1. The coagulation time of the blood of Wistar strain albino rats was not 
significantly altered by collecting blood from the tail vein twice daily over a period 
of six weeks. 

2. Oral administration of 14 mg. of rutin, or 30 mg. of bile salts decreased 
coagulation time of the rat’s blood. Administration of G mg. of dicumarol in- 
creased the coagulation time. 

3. When administered in combination, 14 mg. of rutin and 8 mg. of dicumarol 
tended to antagonize the effects of the drugs given alone, the net result being a 
decrease in coagulation time. 

4. Administration of rutin and bile salts showed an additive decrease in 
coagulation time. 

5. Administration of these doses of rutin, dicumarol and bile salts showed 
a decrease in coagulation time. 

G. The same types of decreases were generally observed in samples of blood 
drawn 3 hours, 24 hours and 48 hours after the administration of the product. 
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It is often stated that among useful local anesthetic agents inherent activity 
and toxicity go more or less hand-in-hand. Fortunately, a •systematic evalu- 
ation of a series of related agents will show that the above generalization is by 
no means invariable. Thus there is justification for a continued desire for better 
and more generally useful local anesthetic agents. It follows that the goal in 
undertaking a research program in anesthetic agents is the greatest attainable 
exception to the generalization stated above; i.e., a compound that combines a 
greater spectrum of useful local anesthetic activity with a greater margin 
of safety. Cope and his associates synthesized over a hundred agents for this 
purpose (1). The preliminary evaluation of a large number of these compounds 
has been undertaken by Kuna and Seeler (2). 

We have submitted fifteen of the compounds synthesized by Cope to an ex- 
tensive pharmacologic evaluation. From among these agents a new compound, 
hexylcaine, 1 manifested the desirable attributes of a generally useful, reasonably 
safe, local anesthetic agent. It was considered desirable to evaluate certain 
other well established local anesthetic drugs under these same conditions. This 
has been done throughout the studies. 

The purpose of this report is to present the relative activity and toxicity of 
hexylcaine and six widely used local anesthetic agents. 


CHEMISTRY 

The structural formulae for the compounds used in this study are presented herein for 
comparison and convenience in future references. 

O CH; — CH. 

/ v » / \ 

N X I \ / 

CH, CH, — CH, 

Hexylcaine hydrochloride' 


H,N 


C— o— CH ; — CH:-— N 
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C:H. 


-Ha 


\ 


C:B, 


Procaine hydrochloride 5 

1 Hexylcaine is the non-proprietary name for l-cyclohexyiamino-2-propylbcnzoate. 
Cyclaine is the Sharp and Dohme, Inc. trademaik for this compound. 

5 Procaine is the p-aminobenzoic acid ester of diethylaminocthanol. 
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Butncaine hydrochloride 1 
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Cocaine hydrochloride* 
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Neothesin hydrochloride 1 
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Tetracaine hydrochloride' 
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Dibucaine hydrochloride 1 

1 Butacaine is the non-proprietary name for the p-aminobenzoic acid ester of y-N- 
dibulylaminopropanol. Butyn is the Abbott Laboratories, Inc. trademark for this com- 
pound. 

* Cocaine is benzoylmethylecgonine. 

1 Neothesin is a non-proprietary name for benzoyl-7-(2-methylpiperidino)-propanoI. 
Metycaine is the Eli Lilly and Company trademark for this compound. 

•Tetracaine is the non-proprietary name for the p-X-butvl-sminobenzoic acid ester of 
0-N-dimethylaininoethanoI. Pontocaine is the Winthrop Chemical Co., Inc. trademark 
for this compound. 

' Dibucaine i3 the non-proprietary name for the p-diethylaminoetliylamide of 2-butoxy- 
cinchoninic acid. Nupercaine is the Ciba Pharmaceutical Products, Inc. trademark for 
this compound. 
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Hexylcaine is I-cycJohcxyIamino-2-propylbonzoatc. Its synthesis has been accom- 
plished by Cope and Hancock (1). The hydrochloride of hexylcaine is soluble in water to 
the extent of about 12 per cent. A one per cent solution of the hydrochloride is stable to 
boiling and autoclaving for sterilization purposes. The molecular weight of the base is 
261.35. The physical and chemical characteristics of the other compounds listed above are 
described in New and Non-official Remedies (3) or the U. S. Pharmacopoeia XIII (4). 

TOXICITY STUDIES 

The intravenous LDm of local anesthetic agents is a reflection of their inherent 
toxicity, when administered rapidly to several species of animals. Thus one can 

TABLE 1 

The intravenous toxicity of a scries of local anesthetic agents to mice, guinea pigs, and rabbits 
The results are expressed as LDm, in terms of mg. of base/kg. of body weight. 


rpi#, uc. (base)/kg. body wt. 


AGENT 

Mice 

No. of 
animals 

| Guinea piss 

1 No of 
| animals 

Rabbits 

j 

No. of 
animals 

Procaine 

78 


5 

60 

56 


4 

25 

41 

± 

2 

25 

Ncothesin 

32 

± 

4 

40 

16 

± 

2 

30 

18 

± 
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Hexylcaine 

24 

± 

2 

60 

17 

=fc 

2 

25 

14 

± 
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25 
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40 

13 

dk 
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20 

11 

± 
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Butacaine 
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40 

10 
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25 

10 
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1 

25 

Tetracaine 

9 
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0.25 
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4.5 

db 
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25 

Dibucaine 

6.5 


0.7 

40 

2.8 

± 

0.2 

40 

2.8 

t 

± 

0.5 

25 


minimize the influence on the results of secondary factors of inactivation, ex- 
cretion, rate of distribution, etc. 

Mice, guinea pigs, and rabbits were used for this study. 

Carworth CF-1 female mice weighing between 16 and 20 grams were given injections at a 
constant rate of SO mg./min. The volume of solution was less than 0.5 cc. and the ad- 
ministration was made into the tail vein. Guinea pigs used in this test weighed between 400 
and 700 grams. The injections were made into a penile vein at a rate of 50 mg./min., the 
volume of solution being 0.1 to 0.5 cc. Albino rabbits weighing tram 1.5 to 2.5 kg. were used. 
Injections were made into the marginal ear vein, the volume of the solution being 0.3 to 1.0 
cc. and the duration of injection being 15 seconds. In all instances the solutions were pre- 
pared at the time of use, the dosage being calculated in mg. of base/kg. of body weight. 

Manifestations of toxicity appeared immediately and death occurred in the 
mice and guinea pigs within 3 to 5 minutes. Rabbits died within 5 to 30 minutes. 
No late deaths among the animals that survived the immediate effects of the 
drugs were observed for any of the compounds. 

The LDso’s (5) of the various compounds are presented in table 1. It may 
be seen that inherent toxicity of the compounds increased in the following order 
as based on the LDso data: procaine < neotbesin < hexylcaine < cocaine < 
butacaine < tetracaine < dibucaine. Converting the LDso data from mg./kg. 
to mols./kg. does not alter the comparisons qualitatively. 
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This information serves a limited purpose, as can be illustrated from common 
knowledge of the clinical use of procaine, neothesin and cocaine. Procaine and 
neothesin, which are of similar order of activity as compared to the other agents, 
are used more or less interchangeably although their inherent toxicity by this 
method differs considerably. Although cocaine, has the same order of inherent 
toxicity as does neothesin under these conditions, the former agent is contra- 
indicated for other than topical use because of its too frequent toxicity in clinical 
practise. 

The subcutaneous toxicity of these agents is in a measure an integration of their 
rates of distribution, inactivation, and excretion with the inherent toxicity of the 
molecule, the last mentioned factor being an exaggeration of their pharmaco- 
dynamic effects. 


TABLE 2 

The subcutaneous toxicity of local anesthetic agents dissolved in aqueous solution and (for 
guinea pigs) in 1:60,000 solution of epinephrine hydrochloride 


1DIJ, uc. (base)/kg. body wt. 


ACENT 

Mice 

No of 
animate 

Guinea pigs 

Rabbits 

No. of 
animals 

Aqueous 

soln. 

No of 
animals 

Epinephrine 

soln. 

No of 
animals 

Procaine 

720 ± 64 


353 zb 18 

25 


25 

595 ± 56 

20 

Neothesin 

1X40 zb 96 

so 

255 ± 33 

20 

r b 

20 

385 ± 45 

25 

Hexylcaine 

10SO ± 213 

60 

146 ± 15 

25 


25 

164 ± 31 

25 

Cocaine 

140 ± 21 

40 

27 zb 3 

25 

87 zb 7 

25 

70 ± 2 

25 

Butacaine 

110 ± 12 

70 

39 zb 8 

25 

71 ± 7 

20 

30 ± 8 

30 

Tetracaine 

64 ± 8 

E9 

19 zb 6 

20 

78 ± 11 

20 

13 ± 2 

20 

I)ibucaine 

32 ± 3 

19 

18 zb 2 

20 

35 zb 4 

30 

7 ± 1 

25 


Mice, guinea pigs and rabbits of the same source and weight noted under 
intravenous toxicity were used for this study. The injections were made into the 
subcutaneous tissue of the flanks. Manifestations of toxicity appeared within 
a few minutes following the injections and death occurred within 5 to 30 minutes. 
Pate deaths were not seen following the administration of any of these 
compounds. 

It has been recognized for many years that the coadministration of epinephrine 
and a local anesthetic agent decreases the toxicity and prolongs the activity of 
the latter drug (6). The guinea pig subcutaneous toxicity studies were repeated 
with the addition of epinephrine in a final concentration of 1 : 50,000 to the local 
anesthetic solutions. The results of the subcutaneous toxicity studies have been 
summarized in table 2. In these data one sees more clearly than in table 1 a 
demarcation between the toxicity of procaine, neothesin and hexylcaine as a 
group, and the other compounds. 

It was interesting to note the variation in the effect of epinephrine on the 
toxicity of the several agents. Whereas the coadministration of epinephrine 
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increased the subcutaneous LDco for tetracaine over 4-fold, it increased the LD t0 
for neothesin by only 20 per cent. Under these conditions any difference in sub- 
cutaneous toxicity of hexylcaine and neothesin appears to be negated or reversed 
when they are administered in epinephrine solution. 

Toxicity tests based on intermittent subcutaneous injections of the compounds 
were undertaken to determine whether the acute toxicity dosages of the agents 
could be exceeded if the drugs were administered in sublethal amounts at regular 
intervals over a period of time. Although the analogy is contestable, the prob- 
lem may be thought to bear some relation to the clinical one wherein it is necessary 
to repeat the infiltration of an anesthetic agent once or several times in order to 
continue the desired effect without inducing manifestations of systemic toxicity. 

The .procedure used for these tests was as follows: 

Ten albino rabbits weighing 1.5 to 2.5 kg. were selected for the tests on a single com- 
pound. Each rabbit was injected at 30 minute intervals with } the subcutaneous LD« of 
that agent. Two of the animals surviving four injections (the amount which when in- 
jected as n single dose killed 50 per cent of the animals (LD»)) were set aside to observe any 
delayed reactions. The survivors in the group were carried through six injections and of 
these two were put aside for observation. The remaining animals were injected twice more 
for a full set of 8 injections, or twice their LD», and were placed under observation. 

Procaine, LD 50 = COO mg./kg. : Only the two animals set aside after the fourth 
injection survived the experiment. One died following the third, two following 
the fourth, and all the remaining animals died following the sixth injection which 
was l£ times the LD 6 o and which amounted to 900 mg./kg. All the animals 
lost their righting reflexes after the first injection but tended to regain them 
partially between injections. 

Neothesin, LD 60 = 385 mg./kg. : Two rabbits (20 per cent) died following the 
second injection (} LD 60 ) and a third (30 per cent) following the fourth injection 
(LDso). Two animals set aside after the fourth injection recovered uneventfully. 
Another rabbit (50 per cent of the number injected) died after the fifth injection. 
The two that were discontinued after the sixth injection survived and the re- 
maining two animals recovered after the seventh (final) dose. Following the 
first three injections the animals tended to regain their righting ability between 
doses. 

Cocaine, LD 60 = 70 mg./kg.: Following the first injection, the animals became 
flaccid. Subsequent injections caused a loss of righting reflex which usually was 
regained before the next injection. There was little tendency toward loss of 
righting reflex after the fourth injection. All animals survived. 

Tetracaine, LD S0 =■ 13 mg./kg.: Four animals never lost their righting reflex. 
Three rabbits became flaccid with loss of righting reflex following the first in- 
jection. There was a general tendency toward recovery of righting ability be- 
tween injections. All animals survived and the drug produced little visible effect 
after the fourth dose. 

Butacaine, LD 50 = 30 mg./kg.: One animal died following the second injection 
(A LD 50 ). A general tendency toward recovery of the righting ability between 
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injections was evident following the first four injections. The remaining animals 
survived. 

Dibvcaine, LD 50 = 7 mg./kg.: One animal died after two injections. Whereas 
there was no loss of righting reflex following the first injection, all the animals 
lost their ability to remain in an upright position following the second dose and 
remained in that state for the duration of the experiments. Those animals that 
were set aside for observation did not regain their ability to right themselves for 
over an hour following the injections. Two of the five animals given eight in- 
jections died during the night, presumably without recovering their ability to 
right themselves. 

Hexylcaine, LD £0 =164 mg./kg. Some of the animals never lost their righting 
reflex, and those that did so tended to regain it between injections. The later 

TABLE 3 


A summary of the toxicity of local anesthetic agents when administered subcutaneously in 
doses of 1 LDi o, repeated at intervals of SO minutes 


COMPOUND 

UC /EC. 

INTERMITTENT S.C. TOXICITY, RABBIT* 

i LDu 

LDu 

liLD» 

2 LDu 

Total 

Tetracaine 

13 

0 

0 

0 

0 

0 

Cocaine 

72 

0 

0 

0 

0 

0 

Butacaine 

30 

10 

— 

— 

— 

10 

Hexylcaine j 

(130) 

164 

0 

0 

0 

20 

0 

40 

0 

0 

40 

Neotbesinf 

3S5 

20 

30 

50 

— 

50 

Dibucaine 

7 

10 


— 

50 

50 

^Procaine 

600 

0 

30 

100 

— 

100 


* Toxicity is expressed as cumulative deaths, in percentage, among the animals that 
were given injections. 

t This group of rabbits was carried through 7 (IJ X LD,o) instead of 8 injections 
(2 X LDk). 

dosages produced little effect on the remaining animals. Four of the 10 animals 
died by the time the total dose was 1.5 times the LDto. Thereafter none of the 
animals died. When the dosage on which the increments was based was reduced 
from 164 to 130 mg./kg. all the animals withstood the experiments. 

These data have been summarized in table 3. The relative toxicities of the 
agents by this measure were almost the reverse of that seen for the acute toxicity 
data. Except for dibucaine the compounds injected in the lowest total dosage 
produced the least incidence of mortality even though the dosage in each instance 
represented the same fraction of their acute LD £0 . Of the less acutely toxic 
compounds hexylcaine produced the lowest mortality figures in this experiment. 
Decreasing the basis for its dosage increments from 164 to 130 mg./kg. resulted 
in no deaths in the course of such a test. The significance of this type of experi- 
ment is uncertain . One might anticipate that the greatest mortality would accrue 
to the compound injected in the largest amounts, i.e. procaine. However in 
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clinical conditions requiring the repeated infiltration of effective concentrations 
more procaine would probably be required to produce a satisfactory effect than 
for the more potent compounds. 

ACTIVITY STUDIES 

Corneal anesthesia was selected as a suitable indicator for studying the efficacy 
of the various agents for topical anesthesia. It seemed hazardous to rely on any 
single criterion as an index of the relative activity of the compounds. Therefore 
both guinea pigs and rabbits were used as the test animals, and the experiment 
was designed to yield three indices of activity: 1) mi nim al concentration that 

TABLE 4 


The relative corneal anesthetic activity of local anesthetic agents 


compound 

CORNEAL ANESTHESIA IN 
GUINEA PICS 

| CORNEAL ANESTHESIA IV 

BABBITS (USING SALINE WASH- 
OUT) j 

CORNEAL ANESTHESIA IN 
XABBITS (WITHOUT SALINE 
WASHOUT) 

n 



A. C. 
100 

Dur. at 
1% 

Cone, 
nrod. 
aur. *» 
2% coc. 

A.C. 

100 

Dur. at 
1% 

Cone, 
prod, 
aur. ■■ 

2 coc. 


per cent 

win. 


Per cent 

win. 

mm 

per cent 

mtn. 


Tetracaine? 

A 

52 

t 

& 

os 





Butacaine 

i 

40 

i 

i 

16 

* 

i 

35 

i 

Hexylcaine 1 

i 

10 

2 

i 

12 

i 

i 

10 

2 

Cocaine 

i 

18 

2 

i 


2 

i 

30 

2 

Neolhesin 

i 

16 

2 

i 


4 

i 

5 

2 

Procaine 

4 

° 

7 

8 

0 . | 

16 

4 

0 

8 


* A.C. 100 = minimal cone, necessary to produce anesthesia in all animals. 

t Duration or anesthesia when a one per cent solution was instilled. 

t Percentage concentration that produced a duration of anesthesia equivalent to two 
per cent cocaine. 

§ Corneal Anesthesia in Rabbits (without saline washout) was not determined. 

would prcduce corneal anesthesia in all animals, 2) the duration of anesthesia 
when a one per cent solution was instilled, and 3) the concentration that pro- 
duced the same duration of anesthesia as a two per cent solution of cocaine. As 
an added measure, the above indices of activity were applied to the rabbit tests 
wherein the application of the local anesthetic agent was 1) subsequently washed 
out with saline irrigation, or 2) allowed to remain without saline lavage. 

The hair was clipped from around the eyes of the animals. The agent was instilled into 
only one eye, the other serving as a control for the return of the corneal reflex. In the case 
of the guinea pig test 0.5 cc. of the solution was applied to the eye and was allowed to remain 
or drain away. One cc. of anesthetic solution was applied to the rabbit eye. After ono 
minute the eye was washed twice with saline or not at all, depending on the design of the 
test. Beginning at a concentration of 2 or 4 per cent, the concentration of solution was 
halved until the minimal anesthetic concentration was passed. The eyes were observed for 
evidence of irritation, mydriasis, cycloplegia, and loss of light refle'c. 

Table 4 summarizes the results of these tests. On the whole, hexylcaine was 
intermediate in its activity between butacaine and cocaine. The concentration 
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of hexylcaine necessary toproduce anesthesia in all the rabbits (AC-100) was about 
the same as for butacaine. One and two per cent solutions of hexylcaine gave 
about the same duration of anesthesia as the corresponding concentrations of 
cocaine. 

Tetracaine was the most active and procaine the least active compound. The 
tests with dibucaine were not completed since it was found to be irritating at 
the concentrations used for the greater number of these experiments. No irri- 
tation was noted when hexylcaine was instilled at these concentrations. The 
onset of anesthesia was almost immediate for all the agents. 

Nerve block anesthesia was determined by using the sciatic nerve of the intact 
guinea pig as the test object, according to the method of Shackell (7). 

The animals were restrained with all four limbs extended. The hair was shaved from 
the thigh of one hind leg and the pain response was determined by pinching the skin over the 
calf with a pair of blunted rat-toothed forceps. A J cc. syringe was used and the injection 
was made by inserting the attached 26 gauge $ inch needle to a depth of 5 or 6 mm. at a point 
just behind the posterior curvature of the trochanter. The needle was withdrawn slightly 
and directed horizontally until the point lay on the trochanteric ridge. The needle then 
was slipped along the inner aspect of the trochanter until the point encountered the neck 
of the femur. The barrel of the syringe was raised slightly and the tip of the index finger 
was pressed between the anterior curvature of the trochanter and the vertebral column. 
The injection was made rapidly and the pressure was maintained for a few seconds after 
the needle was withdrawn. 

The initial concentration of the drugs was 2 per cent (base). Subsequent concentra- 
tions were decreased by increments of 1/2. The volume of solution was 0.1 cc. The experi- 
ments were designed to indicate 1 ) the actual percentage concentration necessary to produce 
anesthesia in all the animals tested (AC-100), 2) the duration of anesthesia ata concentra- 
tion of one per cent, and 3) the percentage concentration that produced a duration of anes- 
thesia equivalent to that induced by 2 per cent procaine. 

The results of the sciatic nerve block experiments are presented in table 5. 
Again there was a certain inconsistency among the three indices of activity of 
the compounds. Hexylcaine was 4 to 8 times more active than was procaine by 
the several criteria. 

The duration of hexylcaine anesthesia was unique since it was found that any 
concentration that would induce anesthesia produced a duration of effect ex- 
ceeding that of 2 per cent procaine at lower concentrations in some animals than 
" as necessary for local anesthesia in all animals. 

At this point, table 5, we have introduced a figure for the therapeutic index 
or ratio of the compounds. The ratios were calculated by dividing the sub- 
cutaneous LDto in guinea pigs by the actual amount of drug that was necessary 
to produce sciatic nerve block in all the animals (AC- 103 in mg.). This has 
reemed a justifiable approach to the clinical margin of safety since the data are 
derived from a single species and the mode of administration is reasonably similar 
m the two tests. 

The calculations of therapeutic ratio indicate a substantia] margin of safety 
or hexylcaine. It is doubtful whether the index for tetracaine is significantly 
greater than for hexylcaine because of the tremendous difference an error in the 
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tetracaine data makes in the results. These data display prominently the 
relatively slight safety factor resident in the use of cocaine. 

Spinal aneslhesia studies may be considered a critical approach to the evalu- 
ation of the actual effect of local anesthetic agents on nerve conduction. Here 
the drugs are brought into intimate contact with conducting nerve tissue and 
diffusion is limited, for the most part, to the direction taken by the spinal cord 
and its nerve roots. 

Rabbits were used for these studies since they could be worked with most conveniently 
in the large numbers that we considered necessary for accuracy. The method used was that 
of Bieter, McNearney, Cunningham and Lenz (8). A 21 gauge needle attached to a 1.0 cc. 
tuberculin syringe was inserted into the subarachnoid space, usually between the last 

TABLE 5 

The effect of local anesthetic agents on the sciatic nerve of guinea pigs 




SCIATIC NERVE BLOCK 


COMPOUND 

ACus 

Duration at i 

% Cone. prod, 
dur. 

2% Procaine* 

Therapeutic 

ratwt 

Tetracaine 

per cent 

fa 

min. 

112 

fa 

60S 

Butacaine 

i 

54 

fa 

312 

Hcxyicaine 

1 

57 

t 

1 584 

Cocaine 

i 


i 

54 

Ncothesin 

i 

18 

i 


Procaine 

\ l 

9 

2 



* Percentage concentration that produced a duration of anesthesia equal to the effect 
of two per cent procaine (12 minutes). 

. „ . . sub. cut. LDm, mg./kg. 

t Guinea pig = therapeutic ratio. 

A.C.ro), mgm. (total) 

} An effective dose always produced a duration of anesthesia greater than for 2 per cent 
procaine. All 5 animals injected with J per cent hexylcaine had a duration of anesthesia 
lasting 20 to 35 minutes (av.,25min.) whereas a J percent solution did not induce anesthesia 
in any of 5 animals. Two per cent procaine induced local anesthesia of 12 minutes duration. 

lumbar and first sacral vertebra. Aspriation always was attempted. We have been able 
to aspirate spinal fluid from an occasional animal but on the whole our findings in this 
regard confirm other reports concerning the paucity of spinal fluid in rabbits. When blood 
was aspirated the animal was discarded and was not used for spinal work. The dosage of 
all drugs used in this test was 0.02 cc. of a 1.0 per cent solution (calculated as base)/cm. of 
spinal length. The use of spinal length instead of weight for the calculation of dosage was 
introduced by Co Tui (9) and adopted by Bieter et al (S). The volumes ranged from 0.45 
to 0.6 cc. and were injected at a rate of 1.0 cc./min. 

Since the determination of duration of anesthesia and motor paralysis was somew'hat sub- 
jective a team of three individuals was used. One operator kept a record of the identity of 
the rabbit and the drug, the dose based on spinal length, weight, and the time of onset of the 
injection. A second individual recorded spinal length, made the injection of the solution, 
the identity of which was unknown to him, and recorded any impressions regarding the 
animal’s immediate response to the drug. A third member, who knew neither the identity 
of the drug nor the onset of the injection , recorded the time of recovery from anesthesia and 
motor paralysis. Later the data tvere assembled and summarized. 
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The results of these tests using 1.0 per cent solutions of all the drugs are pre- 
sented m table 6. Tetracaine was the only compound whose duration of anes- 
thesia and motor paralysis equalled or exceeded that of hexylcaine. As we shall 
see from the data presented in the next section, a one per cent solution of tetra- 
caine administered according to this dosage schedule was the maximal tolerated 
concentration of that agent, 8 whereas the minimal lethal concentration of hexyl- 
caine was 4 per cent. The duration of action of hexylcaine was between 2 and 
3 times longer than for procaine or neothesin. At a concentration of 1.0 per cent 
the onset of anesthesia for all the compounds was practically immediate. At 
this concentration all the animals injected with dibucaine died within a few 
minutes t-o an hour or so without recovery from the spinal anesthesia. 8 

S-pinal toxicity studies were undertaken since the previous experiments gave no 
indication in most instances as to the approximation of the 1.0 per cent solution 


TABLE 6 

Duration of spinal anesthesia in rabbits when the local anesthetic agents were administered in 
volumes of 0 02 cc /cm. of spinal length 


All solutions were one per cent (base) concentration in distilled water. The volumes 
of solutions ranged from 0 45 cc to 0 60 cc. and were injected in the interspace between the 
fifth and sixth lumbar vertebrae at a rate of 1 0 cc /min 


COUPOTTNU 

K UMBER or 

A.VLUALS 

AVERACE DURATION 

Or A.VESTHESIA 

AVERAGE PURACTOH 07 
MOTOR PARALYSIS 

Tetracaine ..... 

6 

run ± 

193 3 

mtn ± 

251 ± 95 9 

Hexylcaine 

18 

55 ± 24 2 

73 ± 27 5 

Butacame 

15 

41 ± 13 3 

56 ± 17 1 

Neothesin 

12 

23 ± 6 0 

34 rfc 6 0 

Procaine 

14 

20 6 9 

28 i 8 8 

Dibucaine 

5 

5/5 dead 

5/5 dead 


to the minimal lethal concentration (MLC). Also it wms considered desirable to 
study the incidence of paralysis and the manifestations of acute toxicity as the 
dosage of the various agents was increased. 

Some of the animals were sacrificed one to several days after injection and the 
cords were examined grossly and microscopically. It was decided that the de- 
velopment or absence of bilateral motor paralysis over the course of time fol- 
lowing the injection was a better evaluation of damage on a functional basis than 
we could make from an anatomical study. Co Tui, Preiss, Barcham and Nevin 
studied histologically the effect of local anesthetic agents on the spinal cord of 
cats and rabbits by an essentially similar technic (10). They concluded 
that 1 ... In deciding which of these drugs is to be used as a preferable spinal 
anesthetic agent, the factor of tissue reaction may be eliminated from 

consideration.” 

The results of these studies are summarized in table 7. The minimal lethal 

Iheter ct al found the minimal lethal concentration of tetracaine to be 125 per cent, 
aa “ of dibucaine, 0 4 per cent (8). 
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concentration (MLC) for ielracaine appeared to be between 1.0 and 2.0 per cent. 
Bieter et al. (8) killed one out of eight rabbits at a concentration of 1.25 per 
cent. The LCso from our data was about 2.0 per cent and the LCioo was 4.0 per 
cent. It would seem reasonable to conclude that the data for duration of action 
of the compound in table 0 were obtained at the maximal tolerated concentration, 
1.0 per cent. 

The MLC for hexylcaine was 4.0 per cent. This represents a four-fold lati- 
tude beyond the concentration at which the data in table 6 were obtained. Evi- 
dently the spread of the toxicity data for this compound must be considerable 
since the same toxicity figure held for both the 4.0 and 8.0 per cent solutions. 

TABLE 7 


Spinal toxicity studies 

Tlie volume and rate of injection remained constant at 0.02 cc./cm. of spinal length 
at 1 .0 cc./min. The concentrations of solutions were 1.0, 2.0, 4.0 and 8.0 per cent. 


j 

DRCO 

ONE PER CENT 

TWO PER CENT 

POUR PER CENT 

EICHT PER CENT 

No. : 
of ani- 
mals 

Dura- 

tion 

anes- 

thesia 

Dead/ 

total 

i 

Paral- 

ysis/ 

alive 

Dura- 

tion 

anei- 

tbesia 

Dead/ 

total 

Paral- 
ysis/ 
alive , 

Dura- 
tion 
anes- 
thesia | 

Dead/ 

total 

Paral- 

ysis/ 

alive 



min. 



min. 



min . 



Tetracaine 

If 

193 

2/S 

2/3 

— 

4/4 





Hexylcaine 

R3 

SS 


3/5 

77 

i/s 

3/4 

126 

1/5 

1 4/4 

Butacaine 

IS 

41 


3/5 

57 

2/5 

3/3 

102 

S/5 


Neotheain 

12 

23 


2/5 

30 

1/5 

4/4 

75 

3/5 

1/2 

Procaine 

14 

20 



32 

0/5 

0/5 

45 

0/5 

2/5 


Paralysis ■=■ bilateral motor paralysis. 


The MLC for neolhesin was 4.0 per cent, so that the same latitude pertained 
here as in the data for hexylcaine. However, the LCeo for neothesin was be- 
tween 4.0 and 8.0 per cent whereas the LCeo for hexylcaine was greater than 8.0 
per cent. 

The MLC for butacaine was between 2.0 and 4.0 per cent, but since 4.0 per 
cent represents the LCeo, 2.0 per cent probably is the maximal tolerated dose 
and approaches the MLC. The LCioo for butacaine was 8.0 per cent. 

It is evident that •procaine was neither very active nor very toxic. No deaths 
occurred when the 8.0 per cent solution was injected, although toxic symptoms 
were noted when the 4.0 per cent concentration was employed. 

In general the manifestations of toxicity for animals receiving the compounds 
in sublethal but toxic dosages were emprosthotonus or opisthotonus, clonic con- 
vulsions, and dyspnea. The animals that died acutely following a lethal dose 
had a generalized flaccid paralysis. 

It is difficult to evaluate the data on residual or secondary paralysis following 
injection of the drugs. Only bilateral paralysis has been recorded in these data. 
The struggling of the animals and their long spinal cords made trauma a likely 
source of unilateral paralysis. It is evident that all the agents except procaine 
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produced a similar frequency of bilateral motor paralysis at concentrations 
greater than 1.0 per cent. The onset of paralysis was within a week and usually 
on the day or so following the injections. For an excellent report of the toxicity 
and activity of certain local anesthetic agents studied similarly one should refer 
to the work of Bieter, McNearncy, Cunningham and Lenz (8). 

DISCUSSION 

The preclinical evaluation of new local anesthetic agents amounts to a compro- 
mise between toxicity and activity, wherein a subjective phenomenon, sensation, 
is measured objectively in lower animals and the results are projected to clinical 
safety and usefulness. The methods and presentation of data herein have been 



along conventional lines that will permit their ready comparison to earlier liter- 
ature in the field as reviewed by Sollman (11), Hirshfelder and Bieter (12), 
Bieter (13) and others. 

Perhaps another type of integration of these data may be helpful in evaluating 
ne relative merits of the various compounds. While any number of comparisons 
may be made we have selected only one to aid in summarizing the data presented 
erem. In a single graph, figure 1, we have presented the log dosage-response 
curves for sciatic nerve block anesthesia and subcutaneous toxicity (mortality) 
m guinea pigs. Since in both instances the curves are reasonably linear their 
slopes and relative positions acquire significance. From these curves one may 
conclude that: 1) With increasing dosage one should get an incommensurately 
Greater prolongation of activity with hexylcaine and tetracaine than for the other 
compounds. The coordinates for procaine and cocaine have been limited by the 
Cjoo below, and the possible influence of salt concentration above, the dosages 
studied, 2) The margin of safety' of hexylcaine was the greatest for any' of the 
compounds as indicated by' the proximity of the activity and toxicity curves. 
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3) Although the slope of the toxicity curves for all the compounds except tetra- 
caine was essentially the same, they may be divided equally into two groups, 
(a) procaine, neothesin, and hexylcaine, and (b) butacaine, cocaine and tetra- 
caine in order of increasing toxicity. Other comparisons between the data can 
be made. Tainter and Winter have pointed out the need for some such com- 
parisons in the local anesthetic literature (14). 

SUMMARY 

Hexylcaine, l-cyclohexylamino-2-propylbenzoate, has been compared with pro- 
caine, neothesin, cocaine, butacaine, tetracaine, and dibucaine on the basis of 
(a) toxicity (intravenous, subcutaneous, intraspinal and intermittent subcuta- 
neous) and (b) activity (corneal, nerve block and spinal anesthesia) making use 
of mice, guinea pigs and rabbits. It appears that hexylcaine has (1) an order 
of toxicity comparable to that of procaine and neothesin, (2) an order of topical 
anesthesia comparable to cocaine and butacaine, (3) an order of nerve block an- 
esthesia intermediate between butacaine and tetracaine, and (4) a duration of 
spinal anesthesia that was second to that of tetracaine at the maximal tolerated 
dose of the latter agent. These properties lead us to anticipate that hexylcaine 
may prove to be useful in the clinic. 
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Since the report in 1944 of Smull, Wegria, and Leland (1) showed that bicar- 
bonate decreases the serum level of salicylate, there has been renewed interest 
in the advisability of administering sodium bicarbonate during salicylate therapy. 
Three possibilities were suggested for this effect of bicarbonate: (a) decreased 
intestinal absorption of the salicylate, (b) increased excretion of the salicylate, 
or (c) increased extracellular fluid volume. 

That the decrease in blood salicylate level following bicarbonate administration 
is not due to impaired intestinal absorption was shown by Lester, Lolli, and 
Greenberg (2), who found that bicarbonate actually increased the rate of ab- 
sorption of acetylsalicylic acid in humans. Investigations in this laboratory 
have shown that the administration of alkali has no effect upon the gastroin- 
testinal absorption of salicylate in the rat. In these studies the procedure used 
was that described by Cori (3). Animals were intubated with 50 mgm. of sodium 
salicylate per 100 grams of body weight. After one hour the rats were sacrificed 
and the stomach and intestinal contents analyzed for the salicylate. The differ- 
ence between the salicylate fed and the amount found in the gastrointestinal 
tract after one hour represented the amount absorbed. The data on these ani- 
mals were compared with the absorption data on rats receiving the same sali- 
cylate dosage plus 160 mgm. of sodium citrate and 25 mgm. of sodium bicar- 
bonate. No significant difference in the rate of absorption was observed. Thus 
the low serum salicylate levels occurring after alkali administration must be due 
to some other factor than decreased intestinal absorption. 

The action of bicarbonate to lower the serum salicylate level in dogs w T as 
studied in relation to the urinary excretion of the drug. Normal female dogs 
were found to tolerate an oral dose of 0.5 gram of sodium salicylate every three 
hours. With this course of administration the serum salicylate rose gradually 
to a level of about 60 mgm. per 100 ml. after two days. When the blood level 
had stabilized, the dog received 1.6 grams of sodium citrate and 0.25 gram of 
sodium bicarbonate in addition to the regular dose of sodium salicylate. The 
serum salicylate fell, within three to six hours to a level of 30 mgm. per 100 ml. 
Luring the next two days the serum level followed an irregular course of decline 
to a low of 15 mgm. per 100 ml. Upon cessation of citrate and bicarbonate 
administration, the salicylate level began slowly to rise again. The urinary 
excretion of salicylate showed a significant increase with the administration of 
bicarbonate, and this increase was of sufficient magnitude to account for the 

1 Supported by a grant from the Ames Company, Elkhart, Indiana. 
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decreased blood level. An inverse relationship was shown between the serum 
salicylate level and the urinary pH. These findings are in agreement with a 
number of reports (2, 4, 5) which have since been made on this problem and 
are therefore not reported in detail here. 

Analytical Methods. The salicylate level in both plasma and urine was determined 
by the method of Brodie, Udenfriend, and Coburn (6) with some slight modification. Using 
this procedure, the salicylate determined in the plasma was the total amount of this ion 
found in the blood. The fraction of salicylate bound to plasma protein was determined by 
subjecting the plasma to ultrafiltration. This was carried out by placing the plasma in a 
small bag made of visking-cellulose sausage-casing, suspending the bag in a IS ml. centrifuge 
tube and centrifuging for several hours. 

To determine the total salicylate excretion in urine the conjugates were hydrolyzed by 
autoclaving I to 3 ml. of urine with 0.5 ml. of concentrated hydrochloric acid for 3 hours at 
twenty pounds pressure. 

The creatinine level in the plasma and urine of the dogs, was determined by the usual 
alkaline-picrate method (7). Urea level of the plasma and urine was determined by the 
method of Archibald (8). 

Phocedure. Normal, healthy, female dogs, averaging IS to 20 kgm., were fasted for 12 
to 14 hours. They were anesthetized with nembutal and a continuous intravenous infusion 
apparatus set up in the vein of one of the fore-legs. Several control clearances were carried 
out, during which period the dog received 2.0 to 2.5 grams of sodium salicylate in physio- 
logical saline. Following this, the animal was given in addition to the salicylate, 100 ml. 
of a 10 per cent solution of sodium bicarbonate. Several additional clearance studies were 
then made. Blood samples were drawn from the femoral veins at the beginning and end of 
each thirty-minute period and the urine was collected by catheterization. When the animal 
received the initial dose of salicylate, it also was given subcutaneously 20 ml. of a 10 per 
cent creatinine solution. Thereafter, every hour during the course of the experiment, an 
additional 5 ml. of 10 per cent creatinine solution were administered by the same route. 
This schedule maintained the plasma creatinine level between 15 and 30 mgm. per 100 ml. 
which was suitable for renal clearance studies. 

The procedure for studies on human subjects was much simplified, for the salicylate was 
taken by mouth, and the clearance was compared to that of urea. 

Subjects were fasted for 12-14 hours before the experiments were begun. Each individual 
then received, over a period of three hours, 3 to 4 grams of salicylate, during which time, 
three, one-hour clearances were taken as controls. At the end of this time subjects were 
given 5 to 7 gram3 of sodium bicarbonate. One hour later, the subjects received a main- 
tenance dose of 2 grams of sodium salicylate and another 5 or 7 grams of sodium bicarbonate. 
Two additional, one-hour clearances were then taken. At the leginning and end of each 
hour urine was voided as completely as possible and blood was drawn from the antecubital 
veins. Only those periods in which urine flow exceeded 2 ml. per minute were used in cal- 
culations presented in the tables. All results therefore are expressed in terms of maximum 
clearance. 

Excretion 

Results of these studies show that sodium bicarbonate increases the renal 
clearance of salicylate in dogs and humans. This is in agreement with reports 
of other investigators (2, 4). 

In the Dog 

Renal clearances in these experiments were calculated on the basis of the total 
salicylate excreted in the urine and the ultrafilterable salicylate in the plasma. 
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This is a valid calculation since at the present time the conjugated forms of 
salicylate, salicyluric acid and possibly the glucuronides, have not been demon- 
strated in the blood (2). As shown in table 1 the average renal clearance in the 


TABLE 1 

The effect of sodium bicarbonate on the renal excretion of salicylate in the dog 


SUBJECT 

PERIOD! 

SALICYL- 
ATE IN 
PLASMA 

SALICYL- 
ATE IN 
ULTRA- 
FILTRATE 

1 

pH or 

URINE 

URINARY SALICYLATE 

RENAL CLEARANCE 

URINE 

FLOW 

nn 


Creati- 

nine 

Salicylate j 


Sj 


mg./JOO 

ml. 



ms./100 

ml. 9 

ml./min. j 

ml./mtn. 

ml. /min. 

Dog l 

B 

22 

mm 

7.2 

42 

43 

44 

14 

2.5 

Exp’t 1 

B 

24 

H 

7.0 

4S 

62 

44 

19 

2.3 


B 

26 

19 

7.0 

4S 

62 

4S 

16 

2.4 


A 

23 

IS 

S.l 

175 

220 

49 

70 

5.S 


A 

21 

17 

S.2 

140 

176 

49 

51 

3.2 

Dog 1 

B 

15 

10 

5.7 

4 

15 

49 

7 

2.5 

Exp’t 2 

B 

17 

11 

5.S 

5 

22 

48 

10 

2.3 


A 

16 

11 

8.1 

135 

149 

63 

82 

5.5 


A 

16 

10 

8.1 

147 

167 

65 

S5 

5.1 

Dog 1 

B 

30 

26 

5.3 



21 

42 

4 


Exp’t 3 

A 

29 

26 

8.1 

183 

206 

41 

39 

3.8 


A 

27 

2-4 

8.4 

179 

21S 

41 

45 

3.7 

Dog 2 

B 

25 

14 

6.7 

29 

32 

64 

12 

4.9 

Exp’t 1 

B 

25 

14 

7.0 

39 

44 

65 

15 

4.1 


B 

26 

15 

7.1 

32 

39 

61 

13 

2.4 


A 

24 

14 

8.3 

153 

188 

68 

65 

4.2 


A 

21 

13 

8.4 

139 

156 

74 

59 

2.6 

Dog 2 

B 

32 

19 

6.9 

24 

45 

57 

11 

2.8 

Exp’t 2 

B 

33 

19 

6.7 

23 

43 

63 

11 

2.2 


A 

31 

19 


84 

146 

74 

46 

6.2 


A 

30 

18 


87 

143 

57 

3S 

2.8 

Dog 3 

B 

38 

21 


4 

32 

66 

7 

3.3 

Exp’t 1 

B 

40 

22 


16 

32 

62 

7 

4.1 


A 

35 

20 

8.2 

157 

191 

48 

47 

4.5 


A 

31 

17 

8.3 

218 

224 

67 

62 

3.2 


A 

24 

12 

8.2 

133 

142 

64 

56 

2.9 


A 

24 

12 

7.8 

101 

116 

79 

4S 

3.8 


* Diluted to a volume of 5 ml. per minute before analysis. 

t B indicates before alkali administration, and A indicates after alkali administration. 


dog was 12 ml. per minute before bicarbonate and 85 ml. per minute after the 
intravenous injection of the sodium bicarbonate. Although the clearance of 
salicylate is to some degree affected by the volume of the urine flow, this large 
increase in the renal excretion of salicylate was not due to an increase in the 
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decreased blood level. An inverse relationship was shown between the serum 
salicylate level and the urinary pH. These findings are in agreement with a 
number of reports (2, 4, 5) which have since been made on this problem and 
are therefore not reported in detail here. 

Analytical Methods. The salicylate level in both plasma and urine was determined 
by the method of Brodio, Udenfriend, and Coburn (6) with some slight modification. Using 
this procedure, the salicylate determined in the plasma was the total amount of this ion 
found in the blood. The fraction of salicylate bound to plasma protein was determined by 
subjecting the plasma to ultrafiltration. This was carried out by placing the plasma in a 
small bag made of visking-cellulose sausage-casing, suspending the bag in a IS ml. centrifuge 
tube and centrifuging for several hours. 

To determine the total salicylate excretion in urine the conjugates were hydrolyzed by 
autoclaving 1 to 3 ml. of urine with 0.5 ml. of concentrated hydrochloric acid for 3 hours at 
twenty pounds pressure. 

The creatininp level in the plasma and urine of the dogs, was determined by the usual 
alkaline-picrate method (7). Urea level of the plasma and urine was determined by the 
method of Archibald (8). 

Procedure. Normal, healthy, female dogs, averaging 15 to 20 kgm., were fasted for 12 
to 14 hours. They were anesthetized with nembutal and a continuous intravenous infusion 
apparatus set up in the vein of one of the fore-legs. Several control clearances were carried 
out, during which period the dog received 2.0 to 2.5 grams of sodium salicylate in physio- 
logical saline. Following this, the animal was given in addition to the salicylate, 100 ml. 
of a 10 per cent solution of sodium bicarbonate. Several additional clearance studies were 
then made. Blood samples were drawn from the femoral veins at the beginning and end of 
each thirty-minute period and the urine was collected by catheterization. When the animal 
received the initial dose of salicylate, it also was given subcutaneously 20 ml. of n 10 per 
cent creatinine solution. Thereafter, every hour during the course of the experiment, an 
additional 5 ml. of 10 per cent creatinine solution were administered by the same route. 
This schedule maintained the plasma creatinine level between 15 and 30 mgm. per 100 ml. 
which was suitable for renal clearance studies. 

The procedure for studies on human subjects was much simplified, for the salicylate was 
taken by mouth, and the clearance was compared to that of urea. 

Subjects were fasted for 12-14 hours before the experiments were begun. Each individual 
then received, over a period of three hours, 3 to 4 grams of salicylate, during which time, 
three, one-hour clearances were taken as controls. At the end of this time subjects were 
given'5 to 7 grams of sodium bicarbonate. One hour later, the subjects received a main- 
tenance dose of 2 grams of sodium salicylate and another 5 or 7 grams of sodium bicarbonate. 
Two additional, one-hour clearances were then taken. At the beginning and end of each 
hour urine was voided as completely as possible and blood was drawn from the antecubital 
veins. Only those periods in which urine flow exceeded 2 ml. per minute were used in cal- 
culations presented in the tables. All results therefore are expressed in terms of maximum 
clearance. 

Excretion 

Results of these studies show that sodium bicarbonate increases the renal 
clearance of salicylate in dogs and humans. This is in agreement with reports 
of other investigators (2, 4). 

In the Dog 

Renal clearances in these experiments were calculated on the basis of the total 
salicylate excreted in the urine and the ultrafilterable salicylate in the plasma. 
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This is a valid calculation since at the present time the conjugated forms of 
salicylate, salicyluric acid and possibly the glucuronides, have not been demon- ' 
stated in the blood (2). As shown in table 1 the average renal clearance in the 

TABLE 1 


The effect of sodium bicarbonate on the renal excretion of salicylate in the dog 



* Diluted to a volume of 5 ml. per minute before analysis. 

t B indicates before alkali administration, and A indicates after alkali administration. 


dog was 12 ml. per minute before bicarbonate and 85 ml. per minute after the 
intravenous injection of the sodium bicarbonate. Although the clearance of 
salicylate is to some degree affected by the volume of the urine flow, this large 
increase in the renal excretion of salicylate was not due to an increase in the 
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urinary output which was often found after the injection of the large quantities 
of sodium bicarbonate. 

It will be seen from table 1 that in the dog, Under the conditions of our experi- 
ments and where the salicylate is injected intravenously, the greatest amount of 
salicylate excreted was not conjugated; 75 per cent to 90 per cent was excreted 
in the free form. 

The creatinine clearances in the dogs were all within the normal range and 
indicate normal renal function. In the absence of bicarbonate the clearance of 
salicylate was much lower than that for creatinine, showing that salicylates are 
reabsorbed by the renal tubules after filtering through the glomeruli. However, 
with bicarbonate administration, the salicylate clearance did approach the cre- 
atinine clearance, pointing to an interference with the tubular reabsorption of 
salicylates. Beyer, Peters, Patch, and Russo (9) have reported that sodium 
bicarbonate interferes with the tubular reabsorption of a number of sulfonamides. 
The mechanism of the action of bicarbonate on the salicylate clearance in dogs 
may be a similar one. 

In the Human 

The effect of alkali on the renal clearance of salicylate in the human is similar 
to that observed in the dog, with certain important reservations. Sodium bi- 
carbonate increases the salicylate clearance but the effect is not as striking as 
that in the dog. This may be due to the fact that the dogs received relatively 
larger amounts of bicarbonate and that the solution was injected intravenously. 
Further, more salicylate is bound to the plasma protein in the human than in the 
dog. The salicylate clearances in the human subjects were 35 to 115 ml. per 
minute in the absence of bicarbonate, but after the alkali was administered, rose 
to 50 to 173 ml. per minute. 

As indicated in table 2 there was a large variation among the different subjects, 
but no part of the effect of the bicarbonate upon increasing the salicylate clear- 
ance can be attributed to a diuretic action, for, in direct contrast to its influence 
in the dog, sodium bicarbonate tended to suppress the urine flow in the human 
subjects of this study. 

There was considerably less unconjugated salicylate excreted by the human 
than by the dog. Without alkali 30 per cent to 50 per cent of the total sali- 
cylate appeared in the urine in the free form, after administration of the alkali 
75 per cent to 90 per cent was excreted in the free form. The increase in the 
renal clearance of salicylate, as the pH of the urine is increased, is due mainly 
to an increase in the excretion of unconjugated salicylate. 

Plasma Binding 

Since only the unbound fraction of salicylate in the blood can be filtered 
through the glomeruli, any change in the binding of salicylate to plasma protein 
will influence the excretion. One of the possible mechanisms by which bicar- 
bonate could increase the salicylate excretion is by decreasing the bound fraction 
of the drug. In these clearance studies the salicylate content of ultrafiltrates of 
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plasma was determined with and without bicarbonate administration. The 
results of these analyses are shown in tables 1 and 2. 

In the dogs the unbound salicylate constituted 60 per cent to 90 per cent of 
the total amount in the plasma, the per cent bound decreasing with increasing 

TABLE 2 


The effect of sodium bicarbonate on the renal excretion of salicylate in the human 


SUBJECT 

PERIOD t 

sAweru 

ATE IK 
PLASUA 

SALICYL- 
ATE IK 
ULTRA- 
FILTRATE 

pH op 
URIKE 

urikary salicylate 

RENAL CLEARANCE 

URIKE 

LEOW 

Before 

hydrolysis 

After 

hydrolysis 

■Urea 

Salicylate 



THg./JOO 

ml. 

mg./lOO 

ml. 


mg./ 100 
ml* 

m./wo 

ml • 

ml. /min. 

ml. /min. 

ml. /min. 

JRL 

B 

21 

3 

6.4 

19 


85 

84 

7.0 

Exp't 1 

A 

23 

3 

7.5 

73 


65 

172 

2.6 


A 

25 

5 

7.0 

64 

S3 

76 

134 

8.0 

JRL 

B 

IS 

2 


9 

21 

84 

90 

5.1 

Exp’t 2 

B 

20 

2 


8 

21 

68 

90 

3.0 


A 

28 

5 

6.8 

42 

64 

67 

116 

3.3 

JRL 

B 

17 

2 


11 

28 

81 

113 

3.0 

Exp’t 3 

B 

16 

2 


9 

25 

80 

115 

2.3 


B 

24 

4 

6.1 

11 

30 

59 

67 

2.0 


A 

26 

5 

7.6 

56 

77 

55 

111 

2.8 

FMW 

B 

16 

2 

6.2 

9 

14 

55 

53 

8.3 

Exp’t 1 I 

B 

16 

2 

5.5 

5 

11 

46 

46 

4.4 


B 

20 

3 

5.3 

5 1 

13 

51 

31 

5.5 

FMW 

B 

17 

2 

6.8 

11 

■I 

61 

61 

5.0 

Exp’t 2 

B 

15 

2 

6.6 

12 

IS 

62 

72 

5.9 


B 

20 

3 

6.7 

22 

31 

54 

71 

5.0 

CTS 

B 

18 

2 

6.6 

7 

17 

57 

61 

6.3 

Exp’t 1 

B 

25 

4 

6.2 

9 

19 

43 

37 

8.5 


A 

28 

6 


92 

111 

36 

77 

2.3 

GDM 

B 

16 

2 

Pq|: 

6 

20 

74 

60 

3.0 

Exp’t I 

B 

16 

2 


5 

16 

82 

S3 

10.0 


B 

21 

3 


8 

25 

77 

65 

6.2 


A 

19 

3 

wmm. 

36 

56 

73 

132 

3.2 


1 A 

22 

4 

( 7.8 

28 

99 

85 

173 

3.4 


* Diluted to a volume of 8 mi. per minute before analysis. 

| B indicates before alkali administration, and A indicates after alkali administration. 


salicylate levels. The bound fraction showed no change in the presence of 
bicarbonate. 

In the human subjects more salicylate was bound to plasma protein than in 
the dog. Here again bicarbonate had no significant effect on the amount of 
binding. 
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CONCLUSIONS 

The administration of alkali to rats receiving sodium salicylate has no influence 
upon the gastro-intestinal absorption of tliis drug. 

The oral administration of bicarbonate to dogs receiving sodium salicylate 
causes a decrease in the serum salicylate level. This decline can be accounted 
for by the large increase in the excretion of salicylate in the urine. 

Sodium bicarbonate increases the clearance of salicylate four to nine times in 
a dog, to values approaching the glomerular filtration rate. In humans the 
action of bicarbonate upon the salicylate clearance points to an increase, but the 
effect is not nearly so marked. The salicylate clearance in human subjects is 
approximately equal to the urea clearance, but in the presence of administered 
bicarbonate the salicylate clearance rises above the urea clearance figure and also 
approaches the glomerular filtration rate. 

Sodium bicarbonate has no significant effect upon the binding of salicylate by 
the plasma proteins of dogs or human. The large increase in the excretion of 
salicylates with bicarbonate cannot be accounted for by an increase in the ultra- 
filterable fraction of the salicylate in the blood. 

Salicylates are excreted in the urine in the unchanged form and also as conju- 
gates with glycine and glycuronic acid (10). In the dog, injected intravenously 
with sodium salicylate, 75 per cent to 90 per cent of the total salicylate is ex- 
creted in the free form. In the human subjects given salicylate orally, only 30 
per cent to 50 per cent of the total salicylate is excreted in the free form. The 
administration of sodium bicarbonate mainly increases the output of the 
unconjugated salicylate. 
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As early as 1922, investigators (1, 2) connected with the Brazilian Commercial 
Museum became interested in certain species of the genus “Ryania” (Flacourti- 
aceae). These investigators as well as Nakarai and Sano of Japan (3, 4) and 
Merz (5) of Germany were primarily interested in the highly toxic extraction 
products, ryanine and ryanitine, which they regarded as the active principles 
and on which physiological and toxicological studies were conducted. Prelimi- 
nary chemical and pharmacological studies were also made by Serra (6). No 
mention however was made of possible insecticidal properties of these substances. 

Through a cooperative research program established in 1939 between the Re- 
search Laboratories of Merck & Co., Inc. and the Department of Entomology 
of the New Jersey Agricultural Experiment Station and Rutgers University, the 
ground stem of the tropical plant Ryania speciosa Vahl, was found to be toxic 
to certain insects (7). In controlled field tests, conducted in two states, 
“Ryania” was found to be outstanding in activity against the European corn 
borer Pyrausla nubilalis (Hbn.) (8). It has also been found effective against the 
oriental fruit moth (9, 10) and several other species of insects of economic 
importance. 

The purpose of this paper is to present the results of toxicological and phar- 
macological studies on the effect of the powdered stem of Ryania speciosa, in 
various animal species, together with comparisons with other known insecticides. 
The material used in this investigation, and referred to throughout this paper 
as Ryania powder, was undiluted stem of Ryania speciosa ground to the specifi- 
cation of 90 per cent through 200 mesh. This material was of proven insecticidal 
activity. Diluted Ryania powder will be referred to as Ryania dust. Dilutions 
of Ryania powder and cube powder (containing 5 per cent rotenone) were made 
with an insecticide grade of talc. 


EXPERIMENTAL 

Single dose acute oral toxicity 

Mice, rats, chickens, guinea pigs, rabbits, dogs, and monkeys maintained on adequate 
diets with water ad libitum were use i for this study. Ryania powder suspended in 5 per 
eent gum acacia was administered by stomach tube on the basis of mgm./kgm. body weight 
to all animals used in this investigation. In mice, rats, chickens and guinea pigs, a blunt 
“**• 18 needle nttached to a hypodermic syringe was used; to administer the suspensions to 
< 1°ES, rabbits and monkeys, a soft rubber catheter was employed. 
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The results of these experiments (table 1) show wide variations in the LD50 
values among the various species. This is evident also to a lesser degree among 
animals of the same species, which show a standard error as high as 
±90 mgm./kgm. 

The early signs of toxicity after the administration of a lethal dose of a sus- 
pension of Ryania powder to mice, rats, guinea pigs, rabbits and dogs consist of 
inactivity and deep slow respiration followed by a general weakness. Subse- 
quently the animals become semi-comatose and exhibit slow, deep, irregular 
breathing. In dogs, this stage is usually preceded by vomiting and defecation. 
Dogs, rabbits and guinea pigs occasionally exhibit slight tremors, while rats show 


TABLE 1 

Acute oral toxicity o) Ryania powder 


SPECIES 

no. or 

ANIMALS 

i AVERAGE 

LD50 

RANGE OF 
LD50* j 

STANDARD 

ERROR 



nim./kim. 


mim./kgm 

Dog 

11 

150 



Monkey 

2 

>■100 



Rabbit 

85 

650 

600-700 

\ ±35 

Mouse 

285 I 

650 

450-1000 


Rat 

80 

1200 

1100-1500 

j zfc70 

Guinea pig 

35 

2500 



Chicken j 

60 

>3000 | 




* Values obtained in different series of experiment. 


slight and mice severe clonic convulsions. A deep comatose stage follows and 
death usually occurs within one hour. 

Comparison of acute oral toxicity of ryania powder and other 

. INSECTICIDES 

Mico weighing approximately 20 grams were used to determine the LD50 of various 
insecticides. At least 10 mice were employed per dose level and at least five levels of each 
sample were used. Each insecticide was administered by stomach tube in a 5 per cent gum 
acacia suspension. 

It is evident from the data shown in table 2 that Ryania powder falls approxi- 
mately at the mid point of the toxic range of other generally used commercial 
insecticides. 

Chronic toxicity studies with ryania powder 

Rats, chickens, and guinea pigs were maintained on adequate diets containing various 
percentages of Ryania powder in a homogeneous mixture. Animals on the same diets, 
free of Ryania powder, served as controls. Food consumption and weights were recorded 
twice weekly. 

The results of these tests (table 3) indicate that diets containing up to 1.0 per 
cent of the insecticide do not adversely affect the growth or food consumption 
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of the animals within a period of five months and that the effects of Ryania 
powder are not cumulative to an appreciable degree.' 

At autopsy, after this experimental period, no significant gross pathologic 
changes were observed in the chickens, guinea pigs or rats that had received 1.0 
per cent or less of Ryania powder in the diet. Furthermore, no blood changes 
were evident in rats maintained on 1.0 per cent or less of Ryania powder in the 
diets. Rats dying from larger doses (2-5 per cent) of Ryania powder have shown 
hemorrhages in the pancreas and in the intestinal tract, pulmonary complications 
and pleural exudation. 1 


TABLE 2 

Comparative acute oral toxicity of insecticides (in mice ) 


SUBSTAJSTX 

LD50 


mgm./tgm. 

15 

Cube Powder* 

95 

Sodium Fluoride 

100 

Nicotine Dust (4% nicotine) 

500 


500 

Kyania Powder 

650 

Arsenate of Lead 

1000 


2000 

Natural Cryolite 

10,000 



* Containing 5% rotenone, 13% total resins. 


Comparative chronic toxicity studies with ryania powder in comparison 

with other insecticides 

For this investigation, male rats were used. Various percentages of Ryania powder, 
“DDT” (Dichlorodiphenyl-trichloroethane) technical powder and cube powder (contain- 
ing 5 per cent rotenone) were individually mixed with a normal diet on which the animals, 
10 per group, were maintained. Rats on the normal stock diet served as controls. These 
experiments were continued for a period of twenty weeks. 

These tests (table 3) indicate that under these experimental conditions Ryania 
powder is tolerated at a higher concentration than either “DDT” or cube powder 
(containing 5 per cent rotenone). During a five month period the concentrations 
tolerated in the diet without causing adverse effects were Ryania powder 1.0 
per cent, “DDT” 0.01 per cent, and cube powder (containing 5 per cent 
rotenone) 0.025 per cent. 

Exposure toxicity 

This investigation was designed to simulate extreme conditions that might be 
encountered in the field in the application of this insecticide. As the majority 

1 Wc are indebted to Dr. Charles W. MuBhett and associates for the pathological and 
hematological data. A more detailed report on the pathological effects will be presented 
elsewhere. 
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TABLE 3 

Chronic toxicity of Ryania powder and other insecticides 


Insecticide in various amounts incorporated in the diet 


SPECIES 

PER CENT 
RYANIA POWDER 
IN DIET 

NO. OP 
ANIMALS . 

avo. vrr. 
AT 

START 

AVG. WT. 
AT END 

PER CENT 
AVO. WT. 
GAINED 

FOOD CON- 
SUMPTION 

DUR. IN 
WEEKS 

NO. DEAD 



m 

fWT. 

tms. 


atg. in 
gms./day 



Rats 

0.025 

■ 

307 

411 

33.9 

— 

20 

2 


0.05 

mm 

332 

417 

25.6 

— 

20 

l 


0.1 

20 

334 

431 

29.0 

— 

20 

4 


0.5 

20 

319 

430 

33.7 

19.9 

20 

3 


1.0 

20 

321 

427 

33.0 

22.4 

20 

3 


2.0 

20 

25S 

358 

38.8 

18.4 

20 

5 


5.0 

20 

235 

.157 

-33.2 

10.5 

25 days 

i * 20 


Control 

20 

307 

413 

34.5 

20.6 

20 

3 

Chicks 

0.5 

10 

56 

1730 

2990 

55.2 

20 

0 


1.0 

10 

52 

1641 

3056 

62.8 

20 

0 


Control 

10 

66 

1804 

3120 

63.6 

20 

0 

G. pigs 

0.025 

5 

681 

795 

16.7 

29.8* 

20 

1 


0.05 

5 

692 

809 

16.9 

30.3* 

20 

1 


0.1 

5 

737 

8SS 

20.5 

30.0* 

20 

0 


0.5 

. 5 

725 

760 

4.83 

29.6* 

20 

2 


1.0 

5 

754 

825 

9.42 | 

2S.5* 

20 

1 


Controls 

5 

676 

862 

27.5 

30.0* 

20 

2 


% DDT in 

DIET 








Rats 

0.005 

10 

232 

346 

49.1 

18.3 

20 | 

0 


0.01 

10 

209 

315 

50.7 

16.5 

20 

0 


0.025 

10 

173 

336 

94.2 

15.7 

20 

2 


0.05 

10 

183 

320 

74.8 

16.9 

20 

3 


0.1 

10 

178 

294 

65.1 

13.3 

20 

3 


0.25 

10 

181 

188 

4.97 

— 

3 

10 


0.5 

10 

176 

156 

-11.3 

— 

2 

10 


1.0 

10 

175 

144 

-17.7 

4.3 

2 

10 


5.0 

10 

179 

149 

-16.7 

2 

2 

10 


Controls 

10 

172 

325 

88.9 

17.7 

20 

0 


% CUBE 
POWDER (CON- 
TAINING 5% 
ROIENONEJ 


II 






Rats 

0.025 

10 

221 

311 

40.7 

18 

20 

1 


0.05 

10 

232 

354 

52.5 

19.9 

20 

2 


0.25 

10 

181 

295 

63.0 

15.7 

20 

7 


0.5 

10 

181 

123 

-32.1 

12.6 

S 

8 


1.0 

10 

188 

114 

-39.3 

10.4 

3 

10 


2.0 

10 

179 

116 

-35.2 

— 

3 

10 


10.0 

10 

183 

126 

-31.1 

0.46 

2 

10 


20.0 

10 

182 

120 

-34.1 

0.63 

2 

10 


Controls 

. 10 

172 

325 

88.9 

17.7 

20 

0 


* Greens fed twice weekly not included. 
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of the experiments in this report were conducted on rats, this species was used 
again for this investigation. In addition, dogs which were found to be the most 
susceptible of several species to Ryania powder were included in the test. 

In order to subject rats to a constant atmosphere of Ityania powder or to a spray of the 
aqueous suspension, special chambers were constructed. For the spray experiments, 
the chamber was made of 20 quart nickel plated tin cans in which a fan was installed to in- 
sure a constant circulation of air. A continuous spray of the Ryania powder suspension 
was then introduced. Similar chambers were used for the dust experiments in which the 
dust was kept constantly circulating. Since the dust chamber was practically a closed 
system, oxygen was added at the rate of S.O ce. per minute per rat. Soda lime was used for 
COi absorption. Oxygen supplement was not necessary when an aqueous spray was used 
as air was continuously added. A fresh supply of Ryania powder, 2.5 grams, was added at 
30 minute intervals to the dust chamber. 

Exposure toxicity in rats : Four mature male rats, weighing approximately 200 grams 
each were exposed to a continuous spray of a 1 .0 per cent aqueous suspension of Ryania 
powder at a rate of 5 cc. per minute for 8 hours per day, six days per week. Similarly 4 
rats were exposed to a constant concentration of Ryania powder. For comparison, another 
group of 2 rats was exposed to 4 per cent nicotine dust. 

The results of these tests indicate that rats exposed 8 hours daily for 22 days 
to Ryania powder or to a 1.0 per cent aqueous suspension of Ryania powder do 
not show any toxic signs. Rats tested similarly with 4 per cent nicotine dust 
died the first day at the end of a 4 hour exposure. 

Exposure toxicity in dogs: The dust experiments with dogs were conducted in a special 
chamber having a volume of 64 cubic feet. The test material was continually added at a 
rate of 1.2 grams per minute by means of a dispenser. A blower was used to circulate the 
dust and to continually add fresh air to the chamber. Male dogs, weighing 10 to 14 kgm., 
were exposed to various concentrations of Ryania powder or cube powder (containing 4.7 
per cent rotenone). The dispersing apparatus was adjusted so that 150 grams of dust 
would be introduced during a 2-hour period. 

Both cube powder (containing 4.7 per cent rotenone) and Ryania powder are 
toxic to dogs exposed for 2 hours (table 4). Fifty per cent Ryania dust was 
found to be comparable to cube dust containing 1 per cent rotenone. Control 
dogs exposed to talc showed signs of irritation but no toxic signs. 

Excretion Studies 

Samples of urine from rats which had received 600 mgm./kgm. animal of a 
suspension of Ryania powder were assayed for the presence of the insecticidal 
principles of Ryania by a biological test. This test (11), developed in the Ento- 
mological Laboratory, Research & Development Division, Merck & Co., Inc., 
consists of an evaluation of feeding response from larvae of the webbing clothes 
moth on fabrics impregnated with the materials on test. Woolen fabrics were 
impregnated with the undiluted urine of the “Ryania”-dosed rats and subjected 
to the test in comparison with urine from rats on a standard diet and with samples 
of normal urine containing known amounts of the insecticidal principles. The 
tests showed that no detectable amount of "Ryania” principles was present in 
the urine from the rats dosed with a suspension of Ryania powder. The standard 
test showed that the lower limit of sensitivity of the test would permit the de- 
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tection of “Ryania” principles to the amount of the extractives from approxi- 
mately 0.33 mgm. of Ryania powder per cc. 

Studies with field sprayed apples 

Ten bushels of apples from field plots which had received 6 applications of a 
spray containing 6 lbs. of Ryania powder to 100 gallons of water, were obtained 
to determine their safety for consumption. The fruit was used to prepare a dust 
from the peels. This was done by drying and grinding the peels and finally 
sifting them to obtain a fine dust. 


TABLE 4 

Exposure toxicity in dogs 


SUBSTANCE 

NO. 07 
DOCS , 

NO. OT 
HOURS 

SIGNS 

SXUAKES 

Ryania Dust (50% 
Ryania Powder) 
150 gm. 

6 

2 

1 dog vomited; eyes and re- 
spiratory passages of all 
dogs irritated 

1 dog died; others de- 
pressed; dogs norma] 
after 24 hrs. 

Cube Dust (Rote- 
none 1%) 150 gm. 

6 

2 

3 dogs sick; eyes and respir- 
atory passages of all dogs 
irritated 

All dogs depressed; nor- 
mal after 24 hrs. 

Talc 150 gm. 

6 

2 

Eyes and respiratory pas- 
sages of all dogs irritated 

Dogs not depressed 

Ryania Powder 150 
gm. 

3 

2 

1 dog vomited; eyes and re- 
spiratory passages of all 
dogs irritated ' 

1 dog died; 2 dogs de- 
pressed after 24 brs. 

Cube Powder (Rote- 
none 4.7%) 100 gm. 

3 

1} 

2 dogs vomited; eyes and 
respiratory passages of 
all dogs irritated 

2 dogs died; 1 depressed; 
normal after 24 hrs. 


Although analysis (11) indicated that less than 6 parts per million of the in- 
secticidal principles remained in the apple peels, this preparation was tested in 
both mice and rats. The mice were given single oral doses of 10 gm. per kgm. 
body weight, while rats were maintained for 13 weeks on a diet containing 1.0 
per cent of this material (equivalent to 30 or more apples per day per man). No 
toxic or pathologic effects were evident in these animals. 

discussion 

Ryania speciosa stem powder administered in single oral doses to mice was 
found to be more toxic than "DDT”. This may be partly due to the relative 
insolubility of “DDT” in aqueous suspensions since if administered in an oil 
solvent (12) the LD50 is between 403-450 mgm./kgm. mouse. However, the 
repeated administration of “DDT” by addition to the diet indicates only 2 mgm. 
per Tat can be tolerated for 28 weeks, while 200 mgm. of Ryania powder per rat 
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administered similarly was tolerated for the same length of time. This would 
indicate that “DDT” is markedly cumulative and Ryania powder relatively non- 
cumulative. An examination of table 3 substantiates this conclusion, in that 
with the insecticides chronically administered both “DDT” and cube powder 
cause 50 per cent of the animals to die at a far lower level than the acute oral 
LD50. 


SUMMARY AND CONCLUSIONS 

1. The acute oral toxicity of Ryania powder is 1200 mgm./kgm. in rats, 150 
mgm./kgm. in dogs, more than 400 mgm./kgm. in monkeys, 650 mgm./kgm. in 
rabbits, 650 mgm./kgm. in mice, 2500 mgm./kgm. in guinea pigs and more than 
3000 mgm./kgm. in chickens. 

2. The signs of toxicity following administration of a lethal dose are: weakness, 
tremors, convulsions, coma and death. 

' 3. The toxicity of Ryania powder to warm blooded animals compares favorably 
with that of other insecticides. 

4. It is possible to maintain rats, chickens, or guinea pigs for at least five 
months on a diet containing 1.0 per cent or less Ryania powder. This concen- 
tration in the diet does not appear to produce symptoms of cumulative 
poisoning. 

5. In chronic administration, Ryania powder is tolerated in larger amounts 
and for a longer period of time than either “DDT” or cube powder (containing 
5 per cent rotenone). 

6. Consideration of the demonstrated toxicity levels of Ryania powder in re- 
lation to the amounts of insecticidal residues normally encountered on forage 
and food crops indicates that a great safety factor exists for this insecticide. 
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In an earlier communication, it was reported by Meyer and Karel (1) that of 
a large series of compounds tested for their effects on alphanaphthylthiourea 
poisoning in rats, only potassium iodide was prophylacticaily active, although 
not therapeutically so, whereas, cysteine, when administered at the time that 
ANTU was injected, delayed death for a few hours, without reducing mortality, 
and 1-thiosorbitol given concurrently with the ANTU significantly decreased 
mortality when tested against 2.0 median lethal doses of ANTU, but merely 
extended survival time when 2.5 LD £0 's were injected into rats. Moreover, no 
protection was achieved with thiosorbitol treatment initiated as little as one-half 
hour following the injection of the rodenticide. Since the only leads of thera- 
peutic promise had been obtained with these two sulfur-containing compounds, 
it was decided to investigate other substances in which the sulfur was present in 
groupings comparable to the — SH or to the — C — C — SH of cysteine and thiosor- 
bitol, and to the HO — C — C — S of thiosorbitol. Furthermore, since compounds 
S 

of the type N— C had not previously been tested, a substance having this group- 



ing was included in the experiments. From the information to be obtained in 
studies such as those planned, it was hoped that there might be revealed funda- 
mental data the pursuance of which would yield not only a drug effective against 
ANTU intoxication, but also insight into the mechanism of action of the rodenti- 
cide in causing pulmonary edema and pleural effusion. Therefore, as an extension 
of the previous work with sulfur compounds, studies were conducted with hydro- 
sulphosol; 3 tertiary butyl, n-amyl, tertiary dodecyl, and benzyl mercaptans; 2- 
methylmercaptoethanol, 4 thiodyglycol, 4 1,2-bis (2-hydroxyethyl-l-thio) ethyl- 
ene, 4 bis (2,2'-hydroxyethylmercaptoethyl) sulfide; 4 and sodium diethyldithio- 
carbamate. 

In addition, in view of recent reports extolling the efficacy of rutin (2-5) and 
of sodium salicylate (0) in decreasing capillary permeability, these two 
compounds and 5-iodoacetyl3alicylic acid were also investigated. 

1 Present address: Research Grants Division, National Institute of Health, Bethesds, 
Maryland. 

*Capt.,M.C. 

» A mixture which reputedly contains the sulfhydryl linkage and pentatbioDate ion m 
compounds of polysulfides and thiosulfates in aqueous solution. 

4 Supplied by Dr. E. Emmet Reid and Dr. Benjamin Witten, Technical Command, Army 
Chemical Corps, Army Chemical Center, Maryland. 
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Experimental 

Wistar albino rata weighing not less than 200 nor more than 300 gm. were used. Diet, 
periods of observation prior to and after treatment, methods of preparation of solutions 
and suspensions, and the procedures adopted for'the evaluation of the test compounds were 
similar to those described in the earlier paper of this series (1). Controls were injected on 
each test day with the same intraperitoneal dose of ANTU as given to those animals sub- 
jected to treatment. Additional appropriate controls were run in all instances to eliminate 
the possibility of drug toxicity per se at the various dosage levels employed, although it was 
realized that at times potentiation effects might still occur. Usually, the drugs were given 
in maximal sub-lethal doses against 2 LD»’s of ANTU. 

With the exception of sodium salicylate, sodium diethyldithiocarbamate, and l,2-bis(2- 
hydroxyethyl-l-thio) ethylene which are appreciably soluble in water and with the ex- 
clusion of bis (2,2'-hydroxyethyI-mercaptocthyl) sulfide, rutin, and 5-iodoacetylsalicylic 
acid given as suspensions in 20 per cent gum acacia, water, and 1 per cent methyl carboxylic 
cellulose, respectively, all other substances, being in the liquid Btate at room temperature, 
were injected in undiluted form. 

Results 

Rutin was without detectable effect when injected in a dose of 500 mg./kg. 
intraperitoneally either 24 hours before or simultaneously with the injection of 
2 LD 6 o’s (7.6 mg./kg.) of ANTU. Similarly, no beneficial effects were evident 
with sodium salicylate in a 300 mg./kg. dose administered either 24 hours before 
or at the time of injection of ANTU. Negative results were also obtained when 
150 mg./kg. of 5-iodoacetylsalicylic acid were given 48 hours prior to the 
rodenticide or concurrently with the latter. 

The results with the sulfur-containing compounds, arranged according to the 
chemical groups mentioned previously, are summarized in table 1. Hydro- 
sulphosol was totally ineffective in a dose of 2 ml./kg. injected simultaneously 
with the ANTU. Of the remaining compounds tested, thiodiglycol conferred 
definite, although not striking, protection, while diethyldithiocarbamate, 
2-methyImercaptoethanol, 1,2-bis (2-hydroxyethyl-l-thio) ethylene, and bis 
(2,2'-hydroxyethyl mercaptoethyl) sulfide gave no protection. With the mer- 
captans, however, the findings were more encouraging. At equimolar doses (cf. 
table 1) corresponding to 0.5 ml. of the tertiary dodecyl mercaptan, which con- 
ferred no protection whatever, an unequivocal delay in onset of symptoms and 
in time of death could be attributed to the tertiary butyl, amyl, and benzyl 
compounds; and a definite reduction in mortality, to the butyl and the amyl 
mercaptans. As doses of the respective products were increased, the dodecyl 
again was ineffective, while the benzyl proved too toxic per se. The tertiary 
butyl and the amyl at 0.5 ml./kg., decreased the percentage of deaths from ex- 
pected values of 85 and 77 per cent to 50 and 30 per cent, respectively, and 
further increased survival time. 

Prophylactically, 0.5 ml. of amyl mercaptan injected intraperitoneally one 
hour prior to the injection of 2 LDso’s of ANTU decreased mortality from 70 per 
cent to 20 per cent. When amyl mercaptan was given in divided doses (table 1), 
the protection was essentially no greater than with the single dose. Admin- 
istered therapeutically as a single dose one hour after the injection of ANTU, the 



TABLE l 
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amyl mercaptan reduced mortality from 90 per cent to 40 per cent, again, in 
addition, producing a decided delay in onset of symptoms and in time of death. 
Even at 2 hours, the single dose treatment with the mercaptan appreciably pro- 
longed survival time, although it no longer reduced mortality. Under compa- 
rable circumstances, tertiary butyl mercaptan was not as effective as amyl, 
merely prolonging survival time when administered one hour after the ANTU, 

When 0.5 ml. of amyl mercaptan, administered at the time the rodenticide was 
injected, was tested against 19.1 and 38.2 mg./kg. of ANTU, corresponding to 5 
and to 10 median lethal doses, the mortality was lowered from 100 per cent to 
90 per cent and to 89 per cent, respectively, and the mean survival time of the 
animals dying was increased from the control values of 10 and of 9 hours to 23.8 
and 20.3 hours. Divided doses (table 1) decreased the mortality from 100 per 
cent to 70 per cent. Although 0.5 ml. of amyl mercaptan administered one hour 
after 10 LDto’s of ANTU gave no reduction in the number of deaths, 
mean survival time was again increased, from 9.0 to 13.9 hours. 

Discussion 

In the previous report (1), reference has been made to the possible means by 
which thiosorbitol and cysteine may have conferred their protection. The cur- 
rently gathered data shed additional light on mechanisms suggested earlier. A 
review of the findings reveals that of the various sulfur-containing substances 
studied, only the organic compounds possessing the — SH attached to carbon were 
at all effective. Compounds having no free — SH, with the exception of thiodi- 
glycol which would be expected to hydrolyze readily and to yield a moiety having 
the sulfhydryl group, were ineffective. 

When comparisons were made of the structural formulas of the various com- 
pounds conferring protection to at least some extent, it was observed that the 
most effective of the compounds tested, n-amyl mercaptan, possesses two prop- 
erties not simultaneously present in any of the others: (a) the — SH is attached 
to an unbranched aliphatic carbon chain ; and (b) this chain is less than six carbon 
atoms in length. It is interesting in this regard that of the agents tested, the 
one closest to n-amyl mercaptan in effectiveness was the four-carbon compound, 
tertiary butyl mercaptan. While tests with the unbranched butyl mercaptan, 
etc., immediately suggest themselves, the authors have been compelled by cir- 
cumstances to discontinue their studies with ANTU. It is their hope that others 
elsewhere will continue these experiments. 

SUMMARY 

1. n-Amyl mercaptan in an intraperitoneal dose of 0.5 ml./kg. was successful 
in delaying the onset of symptoms, increasing survival time, and reducing mor- 
tality when administered to rats simultaneously with the intraperitoneal injection 
of 2 LDso’s of ANTU. When injected prophylactically one hour before ANTU 
was given, or therapeutically one hour following ANTU administration, the amyl 
mercaptan was approximately equally effective. Even against highly lethal 
doses of 5 and of 10 LDso’s of ANTU, this compound decreased the mortality 
and markedly increased survival time. 
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2. Of other mercaptans tested, tertiary butyl was not quite as effective as the 
n-amyl; benzyl mercaptan was only slightly effective; and tertiary dodecyl mer- 
captan produced no beneficial results. Hydrosulphosol, reputed to contain free 
— SH groups, conferred no protection. 

3. Experiments conducted with 2-methylmercaptoethanol, 1 ,2-bis (2-hydroxy- 
ethyl-l-thio) ethylene, and bis (2,2'-hydroxyethylmercaptoethyl) sulfide, were 
all negative. However, thiodiglycol caused a delay in the onset of symptoms, 
an increase in survival time, and a reduction in mortality when injected intra- 
peritoneally in doses of 1.5 or 2.0 ml./kg. simultaneously with the injection of 
2 LD 60 ’s of ANTU. 

4. Sodium diethyldithiocarbamate, rutin, sodium salicylate, and 5-iodoacetyl- 
salicylic acid were totally ineffective against 2 LD 50 ’s of ANTU. 
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It has been well established that differences in age, strain, and diet can cause 
striking variations in the susceptibility of rats to alphanaphthylthiourea (ANTU) 
(1-6). No mention, however, has been made of the effect of environmental 
temperature on the toxicity of this rodenticide. During the course of investi- 
gations, the purpose of which was to determine the mechanism of action of ANTU 
in causing acute pulmonary edema and pleural effusion (7, 8), it was noticed in 
this laboratory that rats were apparently more susceptible to the rodenticide 
during the hot summer months than at other times of the year. Also, sudden 
changes in temperature from day to day during this period, when the temperature 
in the vivarium was not controlled, frequently resulted in equally sudden changes 
in the LDso of ANTU. In order to obtain more detailed information concerning 
the variation in the median lethal dose of ANTU with changes in the environ- 
mental temperature, the following study was undertaken. 

Methods. Albino, Wistar, female rats weighing from 200 to 2B0 grams were used 
throughout this experiment. The animals were maintained for one month or more on the 
diet described in a previous communication (7). Injections of ANTE were given by the 
intraperitoneal route, with constant, non-toxic quantities (1 cc./kg.) of redistilled pro- 
pylene glycol as the vehicle. The animals were divided into four groups and exposed, im- 
mediately after the injection of ANTU, to one of the following temperature ranges for a 
period of 16 or 24 hours (cf. table 1): (I) 36-38°F. (constant temperature chamber) (2) 
46~50°F. (constant temperature chamber) (3) 6S-75°F. (vivarium) (4) 87-90°F. (constant 
temperature chamber). Humidity was not controlled except with group (4), which was 
subjected to a relative humidity varying from 55-60 per cent during the experimental period. 
At the termination of the exposure period, the animals were removed to the vivarium and 
observed for a period of 5 days, at the end of which time the median lethal dose for each 
temperature range was determined by the method of Bliss (9). 

Results 

The experimental data obtained are summarized in table 1 . The median lethal 
doses and their standard errors for rats kept in environmental temperatures of 
36-38°, 46-50°, 68-75° and 87-90°F. were, respectively, 1 .90 ±0.13, 2.91 ± 0.24, 
4.03 ± 0.34, and 1.23 ± 0.23 mg./kg. Thus, not only were the differences be- 
tween the LDso at 68-75° and those at 36-38° and 87-90° highly significant, 3 but 

1 Capt., M.C. 

1 Present address — Research Grants Division, National Institute of Health, Bethcsda 
14, Maryland. 

1 Student's "t” test indicates that odds against the occurrence by chance of these 
differences are > 1,744,000 to 1. 
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significant differences (P > 0.01) occurred even between the not particularly 
widely separated ranges of 36-38° and 46-50°F, and 46-50° and 68-75°F. Mean 
survival time decreased as the LD t o decreased. 


TABLE 1 

Ejjecl oj environmental temperature on ANTU toxicity 


DOSE 

U02TAXITY AT ENVIRONMENTAL TEMPERA TUXES ( F )* 

’ OP 

36-3S*t 

46-50't 

6S-75* (Vivarium) 

57-90** 






8 


6/6 

20/22 


6 


6/6 

9/12 


4 

6/6 

15/18 

11/18 

6/6 

3 

11/12 

4/6 

4/18 

6/6 

2 

11/18 

1/12 

1/18 

5/6 

1.5 

1/6 




1 

0/6 



2/6 

IrDjo rb S.E. 

1.90 ± 0.13 

2.91 rb 0.24 

4.03 dh 0.34 

1.23 ± 0.23 

KSSfgg 






* Humidity uncontrolled except for the 87-90° group, where the humidity was main- 
tained at 55-60 per cent (rel.). 

t Animals were kept in this environment for 24 hours before removing them to the 
vivarium. 

t Animals were kept in this environment for 16 hours before removing them to the 
vivarium. 


DISCUSSION 

Prom the data presented in this report, it is apparent that the toxicity of 
ANTU to rats can be considerably influenced by environmental temperature. 
Of the four groups studied, those animals exposed to the vivarium temperature 
of 6S~75°F. showed the greatest resistance to the rodenticide. It is especially 
interesting to note that an increase of 15 to 20°F. over the 68-75° range increased 
the toxicity of ANTU more than three times. 

No attempt will be made to discuss the mechanisms that might be involved 
in causing the variations described. A review of the effect of body temperature 
and, to a lesser extent, environmental temperature on drug action has recently 
been published by Fuhrman (10). 

The findings here reported emphasize the importance of including control ani- 
mals with every experiment involving the use of ANTU, especially when the 
work is carried on in surroundings in which the temperature is apt to vary con- 
siderably from day to day. Because variation such as that described has long 
been suspected, it has been the policy of this laboratory to run a group of ten 
control rats, injected with ANTU alone, on each day that potential ANTU 
antagonists are tested. 
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SUMMARY 

Changes in environmental temperature caused marked variations in the tox- 
icity of ANTU to albino, Wistar rats. The importance of adequately controlled 
experiments involving the use of ANTU is emphasized by these findings. 
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In a previous report (1), a series of 39 aliphatic amines were described, and & 
conclusion was reached that compounds with an amino group on C * have a high 
index of pressor action. The present investigation was concerned with 11 ali- 
cyclic derivatives of ethyl and propyl amines. They were all synthesized and 
generously supplied by Doctors E. Rohrmann and G. F. Gilbert of our organic 
chemical division. 

Cyclohexyl- and cyclopentyl-alkylamines have been subjects of study by Gunn 
and Gurd (2), Lands and his associates (3, 4), Zenitz, Macks, and Moore (5), 
and Marsh, Pelletier, and Ross (6). The sympathomimetic action of these 
substances has been generally established. 

Of our series of compounds, as listed in table 1, 8 were basically 2-amino- 
propanes, and 3, amino-ethanes. They were all made into soluble salts — hydro- 
chlorides or sulfates. For animal experiments, a 2 or 4 per cent solution was em- 
ployed in each case. 

Our primary purpose was to compare the pressor action of these compounds, 
and then to make an extensive study of the most active substance. The blood- 
pressure-raising property of each compound was evaluated in pithed dogs ac- 
cording to a method previously employed in this laboratory (1, 7, 8). Since all 
the active members of the series with one exception showed tachyphylaxis, to a 
more or less degree, after the first injection, groups of 3 to 7 animals for each 
amine were tested against epinephrine. Comparisons were made only with ref- 
erence to the intensity of action, although the duration of action was also re- 
corded in many experiments. A total of 49 dogs was used. All solutions were 
injected intravenously unless otherwise specified. 

The results of the pressor action of these compounds are shown in the last 
column of table 1. The values might have been slightly different, had the same 
salts of the amines been used, be they hydrochlorides or sulfates. The differ- 
ences, however, would have been so small that they could not have changed the 
order of activity. 

With compounds Nos. 1 to 5 (table 1), it is apparent that substitution of one 
methyl group on amino N greatly increases the intensity of pressor action. 
Ethylation at the same position, on the other hand, decreases the activity. Sub- 
stitution of 2 methyl groups on amino N (No. 2) similarly decreases the activity 
as well as the duration. The presence of a double bond between Ci and the 
cyclopentcnyl radicle, as in compound No. 4, also reduces the activity of the 
primary amine. 

Regarding compounds Nos. 6 to 8, it may be pointed out that 2-amino-l- 

423 



424 


EDWARD E. SWANSON AND K. K. CHEN 


cyclohexyl- is decidedly less active than 2-amino-l-cyclopentyl-propane. 
Methylation of the amino group in this case exerts an unfavorable influence on 
the pressor action; and further methylation to make it a tertiary amine abolishes 
almost 7/8 of the potency of the primary amine. Our results in this respect are 
at variance with those of Zenitz, Macks, and Moore (5), for they concluded that 
2-methylamino-l-cyclohexyl- was more potent than 2-amino-l-cyclohexyl- 
propane. 

The last 3 compounds, Nos. 9 to 11, are derivatives of ethane. When the 
cyclopentyl radicle is attached to the same C-atom as the amino group, the ac- 
tivity completely disappears; but if it is on the adjacent C-atom, the resultant 
compound is active (No. 9). The difference between this pair is unquestionably 
greater than a similar pair which Gunn and Gurd (2) investigated. They found 

TABLE 1 


Comparison of pressor activity of aticyclic derivatives of aliphatic amines in pithed dogs 


COMPOUND 

NO. 

or 

POCS 

USED 

KA-VCE 

or 

DOSES 

TESTED 

MEAN 

EPINEPS- 

BINE 

EQUIVALENT 

roa 1 

MILLIMOLE 
Or AMINE 
SALT 

No. 

Side chain 

Sfem 

nucleus 

Salt used 







rnWirntli 

i 

2-Methylamino-l -cyclopentyl- 


Hydrochloride 

7 

2-10 

0.0053 

2 

2-Dimethylamino-l-cycIopentyI- 


Hydrochloride 

4 

EE1 

0.0018 

3 

2-Amino-l-cyclopentyl- 


Sulfate 

S 

5-10 

0.002S 

4 

2-Amino-l-cyclopentenyI- 

Propane 

Sulfate 

5 

6-12 | 

0.0023 

5 

2-Ethylamino-l -cyclopentyl- 


Hydrochloride' 

3 

EZJ3 

0.0021 

6 

2-Amino-l-cyclohexyl- 

| 

Sulfate 

5 

5-15 

0.0021 

7 

2-Methylamino-l-cyclohexyl- 


Hydrochloride 

S 


1 0.0014 

S 

2-Pimethylamino-l -cyclohexyl 


Hydrochloride 

4 

20-60 

0.0003 

9 

2-Amino-l-cyclopentyl- 


Sulfate 

' 

5 

8-10 

0.0014 

10 

2-Amino-2-cyclopentyl- 

Ethane 

Sulfate 

3 

20-40 

nil 

11 

| 2-Amino-l-w-methylcyclohexyl- 


Sulfate 

3 

10 

0.0010 


that 2-amino-2-cyclohexyl-ethane was weaker than 2-amino- 1-cyclohexyl-ethane, 
but not inactive. Methyl substitution on the cyclohexyl ring at meta-position 
(No. 11) does not improve the potency, but reduces it about 1/3. Compound 
No. 9, 2-amino-l-cycIopentyI-ethane, is less active than 2-amino-l-cyclopentyl- 
propane (No. 3), indicating the more favorable position of the amino group at 
the middle C-atom rather than at the terminal C-atom. Our observations are 
in agreement with those of Marsh and his co-workers (6). 

All the cyclopentyl and cyclohexyl alkylamines of our series, except the ter- 
tiary amine No. 2 and the inactive compound No. 10, showed a long duration of 
action— longer than that of simple aliphatic amines. The effects of 2 compounds 
(Nos. 1 and 3) on blood pressure, following intravenous injection, persisted for 
about the same period of time as those of ephedrine. 2-Dimethylamino-l- 
cyclopentyl-propane is short acting. 
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Unlike simple aliphatic amines, the alicyclic derivatives are easily absorbed in 
the gastrointestinal tract, as evidenced by elevation of blood pressure following 
oral administration. To test this point more thoroughly, 2 amines (Nos. 1 and 
3) were studied and compared with 2-amino-heptane, 2-amino-4-methyl-hexane, 
ephedrine, and amphetamine. Forty additional pithed dogs were used. All 
substances were given by stomach tube in the form of their soluble salts and in 
the doses as indicated in table 2. 

The results of this study are shown in the last column of table 2. By com- 
paring the average epinephrine equivalents of the 6 compounds, percentages were 
calculated, 2-methylamino-l-cyclopentjd -propane being taken as 100. Figure 1 
shows the results of the 2 new compounds. In light of these data, ephedrine, 
in ease of absorption, is next to 2-methylamino-l-cyclopentyl-propane in the 
same doses by mouth. Amphetamine is less effectively absorbed as compared 

TABLE 2 


Comparison of pressor action by oral administration in pithed dogs 


COMPOUND 

SALT USED 

NUMBER 

OF DOCS 
USED 

RANGE 

OF DOSES 
STUDIED 

RELATIVE 

ACTIVITY 

ON BLOOD 
PRESSURE 

2-Methylamino-l-cyclopentyl-propane 

Hydrochloride 

5 

mg. per kg. 

100-150 

per cettl 

100 

2-Amino-l-cyclopentyl -propane 

Hydrochloride 

7 

100-200 

74.2 

Ephedrine 

Sulfate 

10 

100-200 

89.2 

Amphetamine 

Sulfate 

8 

100-200 

39.3 

2-Amino-heptane 

Sulfate 

5 

200-100 

26 

2-Amino-4-mcthyl -hexane 

Sulfate 

5 

200-400 

20.5 


with both 2-methylamino-l-cyclopentyl- and 2-amino-l-cyclopentyl-propanes. 
Only in large doses was there evidence of absorption of 2-amino-heptane and 
2-amino-4-methyl-he.\ane, as measured by the rise of blood pressure. 

Further experiments with 2-methylamino-1 -cyclopentyl-propane 

Circulation. Since 2-methylamino-l-cyclopentyl-propane was found to be the 
most active of the 11 amines on blood pressure, it was decided to study this com- 
pound further prior to clinical trial. During the rise of blood pressure following 
intravenous injection of 2 mg., the nasal mucous membrane and accessory sinuses 
contracted, resulting in a drop of intranasal pressure recorded according to 
Jackson’s method (9). This is demonstrated in figure 2. 

It is now known that dibenamine, a synthetic product, has a sympatholytic 
action reversing the epinephrine response in blood pressure (10). Three more 
pithed dogs were employed to test the influence of dibenamine on the action of 
2-methylamino-l -cyclopentyl-propane. In figure 3, it can be noted that diben- 
amine, injected beforehand, greatly reduced the pressor action of the new amine 
in the dose of 1 mg., but caused a slight fall followed by a rise of blood pressure 
in the dose of 5 mg. A pure reversal occurred with epinephrine in the same 

experiment. 
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The legs of 4 frogs were perfused according to Trendelenburg’s method (11) 
with various concentrations of 2-methylamino-l-cyclopentyl-propane. A 
decrease in the rate of flow occurred with solutions of 1:2500 to 1 :500 — showing 
vasoconstriction. Greater dilutions were ineffective. 

The hearts of 0 frogs were perfused with 2-methylamino-l-cycIopentyl-pro- 
panc, according to the method of Howell and Cooke (12); and the hearts of 3 
rabbits, by Langendorff’s method (13). The results were similar in both species 




PROPANE MCI lio MO 


Fig. 1. Action on Blood Pressure by Oral Administration 

The blood pressure tracing on the top was made in a pithed dog, female, weighing 6.2 
kg., and that at the bottom in another dog, male, weighing 7.4 kg. The numbers under the 
initial blood pressure curves designate the doses of epinephrine in pg., injected intra- 
venously. The 2 amines as indicated were both given by stomach tube. 


of animals. Dilutions of 1:50,000 to 1:30,000 were ineffective, but concentra- 
tions of 1:20,000 to 1:2000 caused a decrease in heart rate, amplitude, and ap- 
pearance of premature beats. At no time did stimulation occur. 

Smooth Muscle Organs. 2-Methylamino-l-cyclopentyl-propane has the usual 
effects of sympathomimetic amines on smooth muscle organs. When a 1 per 
cent solution was dropped into albino rabbits’ eyes dilatation of the pupil took 
place with preservation of light reflex. A 5 per cent solution of the same drug 
when instilled in the eyes of 4 human subjects produced mydriasis, lasting for 4 
to 6 hours. Accommodation was not paralyzed. Observations were made in 
dim daylight. Slight stinging or burning occurred, but disappeared in a few 
seconds. 
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The new amine dilated bronchi of pithed dogs in the dose of 0.5 to 1 mg. per 
kg. given intravenously. The bronchial volume, recorded by Jackson’s method 
(14), was constricted by pilocarpine hydrochloride immediately before the 
injection of 2-methylamino-l-cyclopentyl-propane. 




***» '%•«•*• «* «2» ' 

- oo 0-10/10 -l 2 -MErHYLAMINO-l-CYCLOPENTYL- 
® y o IV PROPANE MCI 2 MG 

Fig. 2. Action on Nasal Volume and Bloob PhEssese 

Dog, male, weighing 9.4 kg., was decerebrated and pithed. The top tracing is the nasal 
volume recorded by the Jackson technique. The numbers under the initial blood pressure 
curves indicate the doses of epinephrine in pg., injected intravenously. The dose of 2- 
methyl-amino-l-cyclopentyl-propane HC1 was also injected by vein. 


i 

* 


2-methylamino-i-cyclopentyl- 

I PROPANE HCI I MO 


k »»* 



OOflOOO 


t 

DIBENAMINE HCI 




*v 


EPINEPHRINE 25 Jld 

4 



*■ 


20 M Gy KG 


t 

2 ~ 


METHYLAMINO-I-CYCLOPENTY^- 

PROPANE MCI SMG 


Fig. 3. Effect of Dibenamine ox the Pressor Response of 2-Methylami no-1 -cyclo- 

pentyl-pro pane 

Dog, female, weighing 7.8 kg., was decerebrated and pithed. The numbers under the 
initial blood pressure curves designate the doses of epinephrine in pg., injected intra- 
venously. Twenty minutes were allowed to pass after the administration of dibenamine by 
vein. There was a marked reduction of pressor action of 2-methylaniino-l -cyclopentyl- 
propane. Pure reversal occurred with epinephrine. 


On the isolated rabbit's small intestine dilutions of 1 : 10,000 to 1:5000 caused 
stimulation followed by inhibition, but those of 1:200,000 to 1:20,000 produced 
only stimulation. Both the isolated guinea pig's and rabbit's uteri were con- 
tracted with a 1 : 20,000 dilution or stronger solutions. 
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Central Nervous System. In view of Gunn and Gurd’s report (2) that cy- 
clohexyl-ethylamines exhibited a stimulating action on the central nervous 
system, tests were made with 2-methyIamino-l-cyclopcntyl-propane by subcu- 
taneous injection in rats, according to the method of Schulte, Reif, Backer, 
Lawrence, and Tainter (15). Compared with amphetamine sulfate, our com- 
pound showed 1/40 the activity — being much less stimulating. 

Toxicity. Acute toxicity was ascertained in albino mice by both intravenous 
injection and oral administration. The median lethal dose ± standard error by 
vein was 41.0 ± 1.5, and that per os, 168.7 =fc 19.7, mg. per kg. In comparison 
with ephedrine sulfate (16), 2-methyl-amino-l-cyclopentyl-propane is much more 
toxic; but in comparison with amphetamine, the results of which are not pre- 
sented here, the new compound is approximately 1/6 as toxic. 

Four groups of 5 rats each were subjected to continuous medication for 27 daj’s. 
2-Methylamino-l-cyclopentyl-propane was incorporated in food in the amounts 
of 0.01, 0.02, 0.05, and 0.1 per cent. The animals’ body weights, hemoglobin, 
and erythrocyte, leucocyte, and differential counts were recorded weekly. All 
animals survived the experiment. They gained weight comparable to the un- 
treated rats, /except the group receiving 0.1 per cent of the drug in its food — it 
showed a slight inhibition of growth. The changes in hemoglobin, erythrocytes, 
and leucocytes were all within normal limits. Upon sacrifice at the end of the 
experiment, no pathological lesions could be detected by gross or microscopical 
examinations. 


SUMMARY 

1. ' A comparison of pressor action of 11 alicyclic ethyl and propyl amines has 
been made in pithed dogs. 

2. The most active compound is 2-methylamino-l-cyclopentyl-propane. It 
has a long duration of action, and is effective in raising blood pressure in dogs 
by mouth. 

3. 2-Methylamino-l-cyciopentyl-propane has the usual effects of sympatho- 
mimetic amines on smooth muscle organs. 

4. 2-Methylamino-l-cyclopentyl-propane has an acute toxicity in mice by 
intravenous injection between that of ephedrine and amphetamine. Continuous 
administration of this compound in food to rats in concentrations varying from 
0.01 to 0.1 per cent for a period of 27 days does not result in pathological 
changes of visceral organs. 

Acknowledgment. The authors are indebted to Dr. Paul N. Harris and Messrs. 
C. E. Powell, R. C. Anderson, and Wallace C. Wood for their invaluable as- 
sistance in this investigation. 
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Earlier studies by one of us (1, 2) have shown that the antibacterial activity 
of antibiotics of the aspergiliic acid group was increased markedly by the ad- 
dition of bismuth. Aspergiliic acid showed a tendency to form complexes with 
certain metals and its bismuth complex possessed a considerable antibacterial 
activity. Since it seemed possible that other metal reagents would act similarly, 
a number of them were examined. During the course of this study, it was found 
that certain dithiocarbamates, which are widely used as precipitants of metals, 
are active antibacterial substances and that certain bismuth dithiocarbamates 
are much more active than the compounds from which they derived. 

Material and Methods. The dithiocarbamates were obtained from the sources in- 
dicated in table 1. They were crystalline solids, with the exception of sodium dimethyl 
dithiocarbamate which was obtained in a 30 per cent aqueous solution. The bismuth 
derivatives were prepared by mixing aqueous solutions of equimolar quantities of a dithio- 
carbamate and bismuth ammonium citrate (Mnllinckrodt). The precipitated bismuth 
dithiocarbamates were washed repeatedly with water and dried in air. The compounds 
were insoluble in water, very soluble in chloroform and pyridine and slightly soluble in 
ether. 

Studies in vitro. The various dithiocarbamates were dissolved in water. The bismuth 
derivatives were dissolved in pyridine (2 per cent solution) and dilutions were made in 
water. Difco nutrient broth was used in all tests. Citrated human plasma was added to 
the broth in the tests indicated in table 1. The test organisms were stock cultures except 
where otherwise indicated. The susceptibility of the strain of Staphylococcus aureus used 
was approximately the same as that of the FDA strain of the same species. Growth in- 
hibition was judged by the lack of visible growth in the test cultures. 

Protection experiments in mice. Bismuth diethyldithiocarbamate was suspended in 3 
to 5 per cent gum acacia or propylene glycol. Gum acacia was preferable, for it produced 
little or no local irritation. The drug was injected intramuscularly in a 10 per cent sus- 
pension at the times indicated in table 2. The infecting organism was the R1 strain of 
Pneumococcus type X from the Bureau of Laboratories, New York City Health Depart- 
ment. The infecting dose consisted of 0.2 cc. of the indicated dilution of an 18-hour culture. 
Injection was made intraperitoneally. 

Results. The inhibitory activity of 9 dithiocarbamates and 4 bismuth dithio- 
carbamates is indicated in table 1. The most active member of the dithiocar- 
bamate series was the dimethyl derivative. Plasma tended to counteract the 
effects of all compounds, but sodium dimethyldithiocarbamate retained consider- 
able activity in the presence of 10 per cent plasma. Bismuth derivatives of 
dimethyldithiocarbamic acid and diethyldithiocarbamic acid were 5 and 20 times 

i A preliminary report of this work appeared in Federation Proc., 7: 223, 194S. 
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as active, respectively, as the sodium salts in broth, and each retained consider- 
able activity in 10 per cent plasma. 

A number of protection experiments were carried out in mice using the com- 
pounds which showed unusual activity in vitro. Pneumococcus type 1 was used 
as the infecting agent. Studies in vitro have shown that this organism is as 
susceptible to the various drugs used as is the staphylococcus. In a preliminary 
experiment (not included in table 2), sodium dimethyldithiocarbamate failed to 
protect mice infected with a 10 -3 dilution of an 18-hour culture of pneumococcus 
(type 1). Fifty mgm. of the drug per kgm. was injected intraperitoneally every 

TABLE 1 


Activity of dithiocarbamates and their bismuth derivatives against Staph, aureus 




1IINIMAI. GROWTTT INHIBITOR* 
CONCENTRATIONS 



Id brolh 

In broth +■ 
10% plasma 

Sodium dimethyldithiocarbamate 

DP 

mgm. 100 cc. 

0.1 

mgm. 100 cc. 

1 

Sodium diethyldithiocarbamate 

EIC 

0.4 

>5 

Sodium bis (2-Hydroxyethyl ) -di thiocarbamate 

B 

5 

>5 

Sodium e thy l-sec.-butyldi thiocarbamate 

EL 

>5 

>5 

Sodium morpholyidilhiocarbamate 

1 EL 

1 2 ' 

>5 

Sodium ethylisoamyldithiocarbamate 

EL 

>5 

>5 

Sodium phcnylethyldithiocarbamate 

DP 

5 

>5 

Sodium dibenzyl dithiocarbamate 

DP 

4 

>4 

Biperidinium 1-piperidyldithiocarbamate 

DP J 

0.2 ( 

>5 

Bismuth dimethyldithiocarbamate 


I 

0.02 

0.2 

Bismuth diethyldithiocarbamate 


0.02 

0.2 

Bismuth 1-piperidyldithiocarbamate 


0.1 

1 

Bismuth phcnylethyldithiocarbamate 


1 

5 

Bismuth and ammonium citrate USP IX 

M 

>5 

>5 

Sodium bismuth thioglycollate 

FD 

>5 

>5 


* DP = E, I. du Pont de Nemours and Company; EK *» Eastman Kodak Company; 
B ** Baker Chemical Company; EL = Eli Lilly and Company; M *= Mallinckrodt Chemical 
Works; PD = Parke, Davis and Company. 


3 hours. Eighteen mice were used in both the treated and the untreated control 
groups. 

In 3 experiments reproduced in table 2, the effect of intramuscular injections 
of bismuth dicthyldithiocarbamate was studied in experimental infections due to 
pneumococcus (type 1). Since the drug is very insoluble, treatment was started 
2 or 7 days prior to the infection. The results indicate that this drug, when in- 
jected intramuscularly in a dose of 500 mgm. per kgm., is capable of protecting 
mice against an otherwise fatal pneumococcal infection. 

In the experiments in which a single injection of the drug was given, the ob- 
served differences between per cent survivors in the treated and in the untreated 
groups were less than 2 standard deviations of the differences. On the other 
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TABLE 2 


Activity of bismuth dicthyldithiocarbamatc against pneumococcus type 1 infection in mice 






NUMBER 07 DEATHS 

MEAN 

SURVIVAL 

TIME 

SURVIVORS 

rrp. 

NO. 

CROUPS 

DILUTION 07 
CULTURE 

NO. 07 
mez 

Days after infection 

No. 

B 





1 

2 

3 

4 

5 

6 

7 






H 








hourx 



l 

Untreated 

5 X 30-' 

if 

5 

8 

0 

0 




30 

1 

7 


Untreated 

5 X 10-‘ 

MM 

0 

C 

H 

0 




38 

0 

0 


Treated* 

5 X 10*’ 

14 

3 

6 

S 

D 

■ 



37 

4 

28 

2 

Untreated 

io-» 

18 

0 

18 

m 

m 

0 

0 

0 

32 

0 

0 


Untreated 

10~’ 

6 

0 

5 

i 

0 

0 

0 

0 

36 

0 

0 


Treated! 

io-* 

1 19 

0 

6 

3 

2 

i 

0 

2 

GG 

B 

26 

3 

Untreated 

to- 1 

1 19 

0 

12 

5 

0 

0 

0 

0 

mm 

Bj 

a 


Untreated 

10~ s 

6 

0 

4 

1 

0 

0 

0 

0 

ilill 

HI 

IDS 


Untreated 

10-J 

6 

0 


0 

0 

0 

0 

0 



100 


Treated! 

10-’ 

20 

0 

7 

3 

n 


0 

0 

63 


30 


Treated! 

10-’ 

20 

0 

6 

m 

n 


0 

1 

G3 

D 

55 


* Single intramuscular injection of 500 mgm. per kgm.,2days prior to infection, 
t Two intramuscular injections of 500 mgm. per kgm. each, 7 days and 2 days prior to 
infection. 

t Single intramuscular injection of 500 mgm. per kgm., 7 days prior to infection. 
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hand, where 2 injections were given the observed differences were 31 and 73 per 
cent greater, respectively, than 2 standard deviations of the differences. 

The antibacterial spectrum of bismuth diethyldithiocarbamate appears to be 
wide. Brucella melitensis, Mycobacterium, tuberculosis, strain 607 (American 
Type Culture Collection), and Escherichia coli are inhibited by a concentration 
as low as 0.1 mgm. per 100 cc. 

The acute toxicity of sodium dimethldithiocarbamate and of piperidinium 1- 
piperidyldithiocarbamate has been studied by Dieke el al. (3). The intraperi- 
toneal MLD for rats according to these authors is greater than 500 mgm. per 
kgm. The same dose of sodium diethyldithiocarbamate failed to kill any of 10 
mice when injected by us intraperitoneally. The acute toxicity of bismuth 
diethyldithiocarbamate is low when given intramuscularly as indicated by our 
protection experiments in mice. In contrast to the activity of the bismuth 
derivative, the iron and copper salts of diethyldithiocarbamic acid were less 
active against the staphylococcus than was the sodium salt. 

Discussion. A review of the literature reveals numerous references to the 
fungicidal properties of certain dithiocarbamates, summarized by Tisdale and 
Flenner (4). We have been unable to find studies on dithiocarbamates as pos- 
sible antibacterial chemotherapeutic agents or on the potentiating effect 
of bismuth. 

Our studies reveal numerous similarities between aspergillic acid and the di- 
thiocarbamates. Both tend to precipitate metals, such as iron, copper, and 
bismuth. The antibacterial activity of both is decreased by iron and is po- 
tentiated by bismuth. The findings with the present series of compounds 
strengthen the hypothesis put forward in a previous communication (5) in which 
it is suggested that the antibacterial activity of certain compounds may be due 
to interference with metal-catalyzed enzymatic reactions. Kubowitz (6) has 
6hown that diethyldithiocarbamate is a powerful inhibitor of catechol oxidase, 
a copper enzyme. 

The physical properties of bismuth dithiocarbamates would tend to make them 
more suitable for the treatment of chronic experimental infections and such 
studies are in progress. 


SUMJIARY 

Certain dithiocarbamates were found to possess antibacterial activity. 
Certain bismuth derivatives were much more active than the parent compounds. 
Bismuth diethyldithiocarbamate was capable of protecting mice against an other- 
wise fatal infection caused by pneumococci (type 1). 
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The majority of drugs known to exert adrenergic blocking activity were found 
to decrease the toxicity of epinephrine in mice. Comparisons were made of the 
effectiveness of known adrenergic blocking drugs and new synthetic compounds 
(1, 2, 3) in diminishing epinephrine toxicity. Compounds other than adrenergic 
blocking drugs were also studied in order to determine ■whether the ability to 
reduce epinephrine toxicity was largely restricted to adrenergic blocking agents. 

Methods. Drugs, in a volume of 0.1 cc. of water, were administered orally to groups of 
20 mice (19-21 grams; non-fasted; both sexes). Two hours later the mice were injected 
intraperitoneally with 14.4 mgm./kgm. of epinephrine hydrochloride (equivalent to 12.0 
mgm./kgm. of epinephrine base) which sufficed to kill 67.0 ± 1.53 per cent of 40 groups of 
20 control mice (saline treated). In mice pretreated with non -toxic doses of drugs, de- 
crease of this mortality would suggest antagonism of the effect of epinephrine. Drugs were 
considered effective if the mortality within a treated group was decreased significantly 
from the mortality occurring concurrently in a group of 20 control, saline-treated mice. 
Once a drug was demonstrated as being effective the test dose was progressively diminished 
by 50 per cent until one or more doses failed to significantly reduce mortality. Doses em- 
ployed were usually in the range of 50, 25, 12.5, 6.0, 3.0 and 1.5 mgm./kgm., orally. 

Increased mortality values occurred with decrements in dosage and were plotted on log- 
dose-probitcharts (4) from which an estimation was made of the effective dose of each drug 
and its standard error (tabic 1). The effective dose represents the prophj'lactic dose 
which protected 50 per cent of animals which otherwise would have died following in- 
jection of epinephrine, i.e., the estimated dose which reduced mortality from 67.0 dz 1.53 
per cent (controls) to 33.5 per cent. Analysis of the mortality data obtained from 40 groups 
of 20 control mice by application of the Chi Square test for homogeneity (5) indicated 
that the groups of mice were samples from a homogeneous population (P ® 0.50). 

The data presented are based upon the mortality percentages obtained 1 hour following 
injection of epinephrine. Observation of the animals was also made 18 hours after injec- 
tion of epinephrine, but with none of the drugs was there an occurrence of iate deaths or 
delayed symptoms which could be interpreted as indicating drug toxicity. 

The selection of a two hour interval between oral drug treatment and injection of epineph- 
rine was based on several known or demonstrated facta. In addition to the time required 
for absorption of the test drugs, it was necessary to allow for the fact that representative 
drugs from several chemical series under investigation were known not to exert maximal 
activity in reversing the pressor response to epinephrine and in blocking adrenergic nervous 
influence for 10 to 30 minutes, or longer, even after intravenous injection in dogs. Experi- 
ments were conducted with several adrenergic blocking drugs to provide important infor- 
mation concerning the onset and duration of action in mice. The data obtained (cf. figure 
1 and comments under results) indicated that from the standpoint of convenience and 

1 This investigation was supported by a grant from Parke, Davis and Company, Detroit, 
Michigan. 


434 




adrenergic blocking drugs 


435 


reliability in routine screening of compounds an interval of 2 hours between drug treatment 
and injection of epinephrine would prove most useful in detecting activity of compounds 
irrespective of whether the onset of action was moderately early or late. Even.n compound 
like Dibenamine (N,N-diben7yl-/3-chloroethylamine-HCl) (6, 7), with slow onset ot action, 
exhibited activity 2 hours after administration provided the dose was sufficiently large 
(50.0 mgm./kgm. or more). It was assumed that selection of the 2 hour interval after oral 
administration would also provide for detection of compounds which were short-acting. 

Acute toxicity following oral administration of three or four doses of each drug to groups 
of 20 mice (19-21 grams; non-fasted; both sexes) was estimated after plotting mortality per- 
centages on log-dose-probit charts (4). 

Results and comments 

A. Drugs which exert sympatholytic or adrenergic Mocking effects. 

1. Yohimbine: This drug is known to block and reverse the pressor effects of 
epinephrine in cats and dogs and to block certain excitatory effects elicited by 
stimulation of adrenergic nerves. In mice (table 1), the effective dose of yo- 
himbine was estimated as 23.0 ± 3.8 mgm./kgm., which represents nearly 25 per 
cent of the LD M . 

2. Priscol (2-benzyl-4, 5, -imidazoline hydrochloride): This adrenergic block- 
ing drug with an effective dose of 7.4 was three times as effective as yohimbine. 
This effectiveness of Priscol could possibly be related, in part, to a direct vaso- 
dilator action which has been demonstrated (8, 9, 10), especially since Mecholyl 
(vide infra) was found to decrease the toxicity of epinephrine in mice. 

3. Dioxane derivatives: 2-Diethylaminoethyl-l ,4-benzodioxane-HCl (883 F) 
and 2-piperidinomethyl-l ,4-benzodioxane-HCl (933 F) are known to reverse the 
pressor responses to epinephrine and to diminish and block several responses 
which customarily follow adrenergic nerve stimulation. Furthermore, Bovet and 
Foumeau (11) have presented a meager amount of data which suggest that 883 F 
reduces the toxicity of epinephrine in mice, whereas it was stated that yohim- 
bine failed to do so. To our knowledge these data are the only evidence that 
adrenergic blocking agents are capable of reducing the toxicity of epinephrine in 
mice, although an abstract of a report by Tani (12) claims that ergotamine, 
yohimbine, quinine, cinchonine, insulin and camphor are effective. 

As indicated in table 1, both 883 F and 933 F, in oral doses of 25 and 50 mgm./ 
kgm., were non-effective in reducing the toxicity of epinephrine injected 2 hours 
later in mice. The large doses of 50 mgm. also failed to confer protection when 
administered one hour before the toxic dose of epinephrine. Furthermore, 933 F 
failed to protect the mice when a dose of 25.0 mgm./kgm. was injected subcu- 
taneously one hour before injection of epinephrine. Under these conditions, 
8S3 F did significantly reduce mortality. The difficulty, or failure, in demon- 
strating that these compounds are capable of diminishing the toxicity of epi- 
nephrine in mice could scarcely be due to the toxicity of the doses employed 
since comparable doses of yohimbine (25.0 mgm./kgm.) were effective even 
though oral doses of yohimbine appear more toxic (table 1) than parenteral doses 
of SS3 F and 933 F (11, 17). It is highly improbable that the oral doses of SS3 F 
and 933 F (25 and 50 mgm.) were poorly absorbed since comparable oral doses 
in the dog have been reported to reverse the pressor response to epinephrine (13). 


TABLE 1 


Reduction of epinephrine toxicity by adrenergic blocking drugs 


PECO 

DOSE 

0 HALLY 

IfOBTAUTY 

rrrEcnvE* 
DOSS rfc S.E. 

ACUTE TOXICITY 
OEAL, U1CE 

LDit/ED 


ngnt./k(m» 

Per cent 

roim./kgr*. 

rngm./kpn. 


Saline-treated Controls 


67. Of 




Yohimbine-HCl 

25.0 

30 

23.0 ± 3.8 

S6.7 ± 9.6 

3.7 


12.5 

60 




Priscol 

25.0 

0 





12.5 

15 

7.4 ± 1.2 




6.0 

35 




8S3 F 

50.0* § 

60 

Ineffective 

500 a.c. 
(ref. 11) 



25.0 

SO 

Ineffective 




25. 0§ 

35 

25.0 



933 F 

50. Of 

GO 

Ineffective 

ISO i.p. 
(ref. 19) 



25.0 

60 

Ineffective 




25.05 

65 

Ineffective 



Dibenamine 

75.0 

10 





50.0 

40 

4S.0 ± 4.9 

>2000 

>40 


25.0 

70 




N-Benzohydryl-N-cthyl-/3-chlo- 

25.0 

0 


- 


roethylamine -HC1 

12.5 

15 

7.5 ± 1.1 

977 db 63 

130 


0.0 

40 




N-Ethyl-N-(l-naphthylmethyl)- 

12.5 

0 




0-chloroethylamine -HC1 

G.O 

45 

5.7 ± 0.6 

725 57 

127 


3.0 

GO 




N-[0-(2-Biptienylylo\'y) -ethyl)- 

12.5 

0 




N -ethyl -0-chloroethylamine • 

6.0 

35 

5.5 ± 0.6 

759 ± 53 

122 

HCI 

3.0 

60 




Mecbolyl chloride 

100.0** 

35 

Ca. 100 

1100ft 

11 


6.0ft 

15 





3.0ft 

35 

2.4 =fc 0.4 




1.0ft 

55 





* The effective dose is an estimate of the prophylactic dose required to protect 50 per 
cent of mice which otherwise would have died following injection of epinephrine (see text). 

f Mortality in 40 groups of 20 control mice equalled 67.0 db 1.53 per cent; each of the 
other values are based on a single group of 20 mice. 

\ Not effective when administered orally either 1 or 2 hour3 before injection of epineph* 
rlne. 

§ Injected subcutaneously 30 minutes before injection of epinephrine. 

** Orally, 30 minutes before injection of epinephrine. 

•ft Injected subcutaneously 15 minutes before injection of epinephrine, 
tt From Molitor, H.: This Journal, 53: 337, 1936. 
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4. 0-Chloroethylamines: The main purpose of developing a rapid screening 
method for detecting compounds possessing adrenergic blocking activity was 
the availability of several series of (S-chloroethylamines chemically related to 
N , N-dibenzyl-/J-chloroeth} r lamine • HC1 (Dibenamine), a compound which 
Nickerson and Goodman first reported (6, 7) as exerting adrenergic blocking 
action in several species. ' 

When doses of 50 and 75 mgm./kgm. of Dibenamine hydrochloride were ad- 
ministered orally to mice the toxicity of epinephrine injected 2 hours later was 
dimin ished Although protective activity was readily demonstrable under these 
conditions the magnitude of the effective dose (48 mgm./kgm.) provides no basis 
for the designation of Dibenamine as a potent adrenergic blocking agent (6, 7, 14) 
but is more in accord with the fact that comparatively large intravenous doses 
are required in cats and dogs to block adrenergic nerve stimulation and reverse 
the pressor response to epinephrine after a latent period of 30 minutes or longer. 
Following oral administration in mice the maximal effectiveness of Dibenamine 
was demonstrable after more than 2 hours (■vide infra). 

The synthesis of other /3-chloroethylamines ! provided a large number of com- 
pounds which proved effective in antagonizing the toxic effects of epinephrine in 
mice. Data presented in table 1 are typical of those obtained with several 
N-alkyl homologues in each of three series of compounds, the structure of which 
are as shown: 


Ri = alkyl (CH, -C„H 13 ) 


H / 

C N 

/ \ \ 

S\ S' 


V 


Ri 


R. = /5-chloroethyl (CH 2 CH 2 C1) 

S' 


Hs / 


Ri 


R = S\S 



■c-C-N 


\ 




Benzohydrylamine 1-Naphthylmethyl- 

amine 


Ri 


R: 


zx H- H- / 

S\— 0— C— C— N 

\ 




Ri 


/3-(2-Biphenylyloxy)- 

ethylamine 


These compounds 5 were remarkably effective in antagonizing epinephrine as 
revealed by the small magnitude of the oral effective dose (5.7 to 7.5 mgm./kgm.). 
Furthermore, as with Priscol, doses of 12.5 or 25 mgm./kgm. conferred full pro- 
tection against the lethal action of epinephrine. The activity demonstrated 
could not be due to a strong vasodilator response, such as is produced with 
Mecholyl, since these /S-cholorethylamincs induce only a moderate depression of 
blood pressure in dogs which can be ascribed to blocking of adrenergic nerves. 


5 Synthesized and supplied to us by Drs. G. Rievcschl, Jr., R. Fleming and W. R. Cole- 
man of Parke, Davis and Company Research Laboratories, Detroit, Michigan. 

* When compared on a molecular basis, N-othyl-N-(l-napbthylmcthyl)-£-bromocthyI- 
amine hydrobromide proved to bo as effective as N-ctkyl-N-(l-naphthylmctbyIj-0-chloro- 
ethvlaminc hydrochloride. 
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In dogs, the drugs in intravenous doses of 1,0 to 5.0 mgm./kgm., were effective 
within 10 minutes as revealed b 3 ' depressor responses to epinephrine and dimi- 
nution, blocking or reversal of the pressor responses which otherwise follow 
splanchnic nerve stimulation, anoxia, carotid clamping and injection of nicotine 
(15, 16). The biphenylyloxy and naphthylmethyl derivatives are not specific 
adrenergic blocking drugs since they antagonize some effects of histamine (2, 3) 
but this action could not account for protection against epinephrine in mice 
since the antihistamine drugs, Benadryl and Thephorin conferred no protection 
(table 2). Furthermore, neither Dibenamine nor N-benzohydryl-N-ethyl-/3- 
chloroethylamine antagonize histamine and the evidence now available indicates 
that these drugs are specific adrenergic blocking drugs. 

B. Specificity. In order to learn more concerning the specificity of the method 
for detecting adrenergic blocking activity several types of drugs other than adren- 
ergic blocking agents were tested in mice. These drugs may be segregated into 
two classes: 

1. Miscellaneous drugs not known to exert adrenergic blocking action. 

a. Vasodilator drugs: Acetyl-/9-methylcholine chloride (Mecholyl), sodium ni- 
trite, papaverine hydrochloride and aminophylline. 

As revealed in table 1, a large oral dose of Mecholyl, or small doses injected 
subcutaneously, caused a significant reduction in mortality of epinephrine-treated 
mice. The well-known cardio-inhibitory and vasodilator effects of Mecholyl 
could account for the decreased toxic action of epinephrine. If reduction of 
epinephrine toxicity was due to the vasodilator action of Mecholyl it is at once 
apparent that strong vasodilator action must be exerted since other drugs such 
as sodium nitrite, papaverine, aminophylline and choline, which are less potent 
vasodilator drugs, were ineffective in reducing the toxicity of epinephrine (table 
2). Raab and- Humphreys (17) have recently reported that nitroglycerine di- 
minished or abolished epinephrine-induced cardiac acceleration in cats although 
it failed to reduce the toxicity of epinephrine in rats. 

Papaverine, in the oral dose of 25 mgm./kgm. failed to reduce the toxicity of 
epinephrine in mice despite its vasodilator action and its ability to decrease the 
irritability of the heart (cf. 17 for refs.). In rats, intraperitoneal injections of 
papaverine prolonged survival but did not significantly reduce mortality fol- 
lowing injection of fatal doses of epinephrine (17). Papaverine injected intra- 
venously in rabbits was reported to prevent epinephrine-induced pulmonary 
edema (18). 

b. Pentobarbital sodium: Mice receiving lethal or near lethal doses of epi- 
nephrine exhibited locomotor ataxia and a few clonic movements concurrent 
with a depressed state which could conceivably be exaggerated by a depressant 
drug such as pentobarbital sodium. However, even large doses of this barbi- 
turate failed to significantly increase or decrease the toxicity of epinephrine. 
These results minimize the possibility that drugs with moderate depressant action 
would alter the toxicity of epinephrine. However, Luisada (18) found that nar- 
cotics and barbiturates diminished pulmonary edema and mortality rates 
of rabbits injected with epinephrine. 
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c. Quinine hydrochloride, quinidine sulfate, procaine hydrochloride and tra- 
sentiri hydrochloride: In large doses, quinine and quinidine decrease the pressor 
response to epinephrine in dogs and decrease the irritability of the myocardium. 
Also, Tani (12) listed quinine as one of the drugs which decreased the toxicity of 
epinephrine in mice. For these reasons quinine and quinidine were tested to 
determine whether decreased epinephrine toxicity could be demonstrated. Pro- 
caine hydrochloride and trasentin hydrochloride were also tested since they exert 
a quinidine-like action on isolated auricular tissue of rabbits (19). 


TABLE 2 ' 


Drugs which failed to reduce toxicity of eyinephrine in mice* 


DOSE, ORALLY, 2 HRS. BEFORE 
INJECTION Of EPINEPHRINE 


mgmjkgm. 


Sodium nitrite 

Papaverine hydrochloride 

Aminophylline 

Choline chloride 

Pentobarbital sodium 

Quinine hydrochloride . . . 

Quinidine sulfate 

Procaine hydrochloride. . 
Trasentine hydrochloride 


12.5, 25, 50 
25 

50, 100 
100 

25, 50, 100 
50 


6, 25, 50 

50 

50 


Ascorbic Acid 

Nicotine 

Tetramethylammonium bromide! 
Tetraethylammonium chloride! . . 

Cocaine hydrochloride 

Atropine sulfate 

Benadryl hydrochloride 

Thephorin tartrate 


50 
1,6 
3, 6 

12.5, 25 
12.5, 25 
1, 12.5 
50 
50 


* With each of the drugs listed the indicated dose, when administered to a group of 20 
mice, failed to significantly increase or decrease the mortality from that which occurred 
in a concurrent control group of 20 saline-treated mice. 

t Administered intraperitoneally 30 minutes before injection of epinephrine. 

Negative results obtained with these compounds render it less likely that a 
quinidine-like action accounts for reduced epinephrine toxicity in mice pretreated 
with adrenergic blocking drugs such as N ,N-dibenzyl-g-chloroethylamine-HCl 
(Dibenamine) and several other chloroethylamine derivatives which bear some 
chemical similarity to N-mcthyl-dibenzylamine and derivatives, including a- 
fagarine, which exert strong quinidine-like action (20). Furthermore, the failure 
of 933 F to yield positive results indicates that its quinidine-like action (19) did 
not influence epinephrine toxicity. 

2. Drugs which might enhance the toxicity of epinephrine, 
a. Ascorbic acid: A comparatively large dose of ascorbic acid, a reducing agent 
which could possibly' retard the oxidation of epinephrine and thereby enhance 
or prolong its action, failed to significantly increase the toxicity of epinephrine. 
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b. Ganglionic stimulating drugs : The toxicity of epinephrine was not increased 
by a 1 non-toxic, oral dose of nicotine (1.0 mgtn./kgm.) whereas a larger dose 
induced symptoms of nicotine intoxication and significantly increased mortality 
of epinephrine-treated mice. The ganglionic stimulating drug, tetramethyl- 
ammonium bromide (21), in doses of 3.0 and 6.0 mgm./kgm., administered intra- 
peritoneally 30 minutes before injection of epinephrine, failed to increase 
mortality. 

Some increase of epinephrine toxicity was suggested by the mortality following 
intraperitoneal injection of the ganglionic blocking drug, tetraethylammonium 
chloride (22), but the increase in mortality following each of the doses (12.5 and 
25 mgm./kgm.) was not significant. 

c. Cocaine hydrochloride and ephedrine hydrochloride: The alleged ability of 
cocaine to enhance excitatory effects of epinephrine was not apparent in the form 
of increased toxicity of epinephrine in mice pretreated with the doses of cocaine 
used. Ephedrine, in the doses employed, also failed to increase epinephrine 
toxicity. 

d. Atropine sulfate: After blocking the action of the parasympathetic nervous 
system with atropine, epinephrine did not prove more toxic in mice. 

e. Antihistamine drugs: Most antihistamine drugs, including Benadryl, are 
capable of increasing the magnitude and duration of the pressor response to small 
doses of epinephrine in anesthetized dogs (cf. 23 for refs.). In contrast, under 
the same conditions, Thephorin decreases the pressor response to epinephrine 
(24), a fact which we have confirmed (15). Following oral administration of 
appreciable doses in mice, both Benadryl and Thephorin failed to alter the 
toxicity of epinephrine a significant degree. 

C. Onset and duration of action. Various times (1, 2, 3, 4, 8 and 18 hours) were 
permitted to elapse following treatment with drugs or saline before injections of 
epinephrine were made. A group of 20 mice was used with each of the drugs at 
each time interval and a similar group of saline-treated mice served as concurrent 
controls (fig. 1). 

Over the period of 18 hours the injection of epinephrine in groups of saline- 
control mice elicited mortality rates of 60 to 75 per cent. Dibenamine, in a dose 
of 25.0 mgm./kgm., failed to decrease the toxicity of epinephrine until the third 
hour; almost complete protection was conferred at the fourth hour, whereas epi- 
nephrine again exerted full toxic effects 8 and 18 hours after treatment with 
Dibenamine. This slow onset of action of Dibenamine in mice is in general 
agreement with the findings of Nickerson and Goodman (6, 7) who reported a 
delayed but prolonged action following intravenous injection in cats and dogs. 
In other experiments we have shown that larger, oral doses of Dibenamine in 
mice decreased the toxicity of epinephrine injected at 2 and even 24 hours later. 

When directly compared with Dibenamine, a smaller dose (12.5 mgm./kgm.) 
of N-benzohydryl-N-ethyl-d-chloroethylamine hydrochloride exerted an early, 
pronounced and prolonged effect in reducing the toxicity of epinephrine (figure 1). 

Similar activity was exerted by N-ethyl-N-(l-naphthylmethyl)-/3-chloroethyl- 

amine hydrochloride (12.5 mgm./kgm.) and the N-butyl derivative of N- 
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[0-(2-biphenylyloxy)-ethyl]-l3-chloroethylamine hydrochloride (6.0 mgm./kgm.). 
In fact, the data presented are typical of those obtained noth several alkyl homo- 
logues in each of the three series of new synthetic compounds. 

Discussion. Oral administration of adrenergic blocking drugs, yohimbine, 
Priscol and Dibenamine, reduced the toxicity of epinephrine injected intraperi- 
toneally in mice. The method, as described, thus provided a means of selecting 
active adrenergic blocking agents from three series of /S-chloroethylamines. The 
data obtained with a representative of each series indicate that N-benzohydryl- 
H-ethyl-(S-cbloroethylamine, N-ethyl-N-(l-naphthylmethyl)-0-chloroethylamine 
and N-[/5-(2-biphenylyloxy)-ethyl]-N-ethyl-/S-chloroethylamine, all as hydrochlo- 
rides, were markedly effective in reducing the toxicity of epinephrine. Addi- 



x 

/ 




18 


Fig. 1. Reduction’ of Epinephrine Toxicitt at Various Time Intervals after 
Treatment with Adrenergic Blocking Agents 


• • Concurrent controls (saline). 

X X Dibenamine.HCl, 25 mgm./kgm. 

O O N-Benzohydryl-N -ethyl -/J-chloroethyl amine. HCI, 12.5 mgm./kgm. 


tional, unpublished data reveal that substitution of higher alkyl groups for the 
ethyl group in these compounds seldom reduced the potency more than one-half 
or one-third provided that the compounds were readily soluble in water. Each 
of the /3-chloroethylamines which reduced toxicity of epinephrine in mice, when 
injected intravenously in anesthetized dogs was found to cause epinephrine to 
lower the blood pressure. Furthermore, the /S-chloroethylamines herein 
discussed also diminished, blocked or reversed the pressor responses which cus- 
tomarily follow enhanced sympathetic nervous activity induced by anoxia, ca- 
rotid clamping, nicotine injections and faradization of splanchnic nerves (15, 16). 
Reduction of epinephrine toxicity in mice has proved a useful means of detecting 
compounds with adrenergic blocking action. 

The data presented provide information concerning the reliability and speci- 
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ficity of the mouse screening method. Oral administration of comparatively 
large doses of the dioxane derivatives, 883 F and 933 F, failed to reduce epi- 
nephrine toxicity in mice, thereby indicating that one could not rely on the 
method for detecting this type of adrenergic blocking agent. Possibly the 
dioxane derivatives differ qualitatively from other adrenergic blocking drugs in 
their anti-epinephrine effects. However, Raab and Humphreys (14) have re- 
cently reported that 933 F, in a dose of 10 mgm./kgm., intraperitoneally, reduced 
the toxicity of epinephrine in rats. 4 

As regards specificity, it was demonstrated that Mecholyl chloride, in large 
oral doses and small subcutaneous doses, was capable of reducing epinephrine 
toxicity. Assuming that this effect of Mecholyl was due to a strong vasodilator 
action, it is pertinent to note that Jess potent vasodilator drugs (papaverine, 
sodium nitrite and aminophyllin) were not effective in the doses employed, and 
that nitroglycerin was non-effective in rats (18). Many other types of drugs 
(cf. table 2) proved non-effective. It can be concluded that the method is not 
entirely specific for detection of adrenergic blocking activity. Obviously, the 
adrenergic blocking action of active drugs selected by the mouse test should be 
verified by demonstrating such action in other animal species. If unable to 
verify such activity, it would be necessary to search for some pharmacological 
property which would explain the effects obtained in mice. 

SUMMARY 

The ability of chemical compounds to exert adrenergic blocking (sympatho- 
lytic) activity was usually detectable following oral administration of the com- 
pounds to mice since they became resistant to the lethal effects of epinephrine 
injected intraperitoneally. Reduction of epinephrine toxicity in mice was 
demonstrated with adrenergic blocking drugs such as yohimbine and Priscol, but 
not with the dioxane derivative, 933 F, although the closely related compound, 
883 F, proved effective following subcutaneous administration. Effectiveness 
was demonstrated with Dibenamine (N,N-dibenzyl-ff-chloroethylamine). The 
most effective compounds were representatives of three chemical series of new 
/3-chloroethylamines including the hydrochlorides of N-benzohydryl-N-ethyl-ff- 
chloroethylamine, N-ethyl-N-(l-naphthylmethyl)-/3-chloroethylamine and N-[/3- 
(2-biphenylyloxy)-ethyll-N-ethyl-^-chloro3thyla - nine. These compounds also 
induced “epinephrine reversal” in cats and dogs and in the latter animal they 
diminished, blocked or reversed the pressor responses which follow increased 
sympathetic nervous activity induced by a variety of means. 

The reduction of epinephrine toxicity in mice with a given compound does 
not necessarily indicate adrenergic blocking activity since the parasympatho- 
mimetic drug, Mecholyl, also reduced epinephrine toxicity. 

« In rats, Rothlin has recently demonstrated that natural and dihydrogenated ergot 
alkaloids reduce the toxicity of epinephrine injected intravenously (Bull. Acad. Suisse bc. 
med., 2: 1-24, 1946/47). 
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Various nitrate esters, such as glycerol trinitrate, erythritol tetranitrate, and 
mannitol hexanitrate, have for many years been used in the treatment of hyper- 
tension, but the exact mechanism of their action has not been well defined. 
Leech (1) believed that the nitrite ion found in the blood after ingestion of or- 
ganic nitrates was responsible for the pharmacological response. The basic 
action of the nitrite ion in the body is the lowering of tone and the relaxation o! 
arterial muscles, producing a prompt fall in blood pressure. Crandall et al. (2) 
observed that glycerol trinitrate disappears from the blood very rapidly following 
intravenous administration to dogs, and that nitrite could be detected qualita- 
tively. 

Hay (3) called attention to the similarity in action between glycerol trinitrate 
and sodium nitrite. He demonstrated that alkali converted about two-thirds 
of the nitrogen of glycerol trinitrate to inorganic nitrite, and that a faint trace of 
nitrite appears after the incubation of glycerol trinitrate with blood. The work 
of Herrman et al. (4) showed a striking parallelism between the rate of alkaline 
hydrolysis and the depressor action of a series of nitrate esters. Crandall (5) 
found that glycerol trinitrate disappears rather rapidly when incubated with 
fresh blood, and that nitrite could be detected by a qualitative test; the action 
was shown to be due entirely to the erythrocytes. Yagoda and von Oettingen 
(6) demonstrated the formation of inorganic nitrite from glycerol trinitrate, 
erythritol tetranitrate, and pentaerythritol tetranitrate on incubation with blood 
from dogs. 

Krantz and his co-workers, on the basis of their studies, have taken the posi- 
tion that the action of nitrate esters is not related to reduction or nitrite forma- 
tion, but is dependent on the intact molecule. They have shown (7) that, after 
administration of several nitrate esters, the amount of nitrite found in the blood 
is never sufficient to account for the observed depressor effect. They have also 
demonstrated (8) that the rate of alkaline hydrolysis may be completely unrelated 
to depressor action, since isomannide dinitrate, an effective depressor drug, is 
quite resistant to treatment with alkali. Further, they observed that, after the 
administration of amyl nitrite, there is a rapid disappearance of nitrite from the 
blood with the formation of nitrate; they suggest that there is a tendency toward 
oxidation rather than reduction in the nitrite-nitrate relationship. Confirma- 
tory evidence has been supplied by Marshall (9), who stated that perfusion ex- 
periments with nitrate esters showed dilatation although no nitrite was present 
in the perfusate. 

1 Present address:' The Murray Foundation, Inc., Cincinnati 29, Ohio. 
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It has long been known that biological fluids and cellular enzymes are capable 
of bringing about the reduction of inorganic nitrate to nitrite; this action has 
been demonstrated for milk (10, 11, 12), bacteria (13), and animal tissues (14). 
Aside from the previously cited studies on the formation of inorganic nitrite in 
the presence of blood (3, 5, 6), and a report of negative findings with frog muscle 
by Marshall (9), no reports have been found on the behavior of nitrate esters in 
the presence of biological materials in vitro. 

The present study reports findings on the formation of nitrite ion from nitrate 
esters in the presence of blood and tissue suspensions. The nature of the system 
or systems responsible for this reductive breakdown has been investigated. 

Methods. Suspensions were prepared by homogenizing one part of fresh tissue with 
four parts of aqueous buffer solution in a Waring blendor. Tissues were obtained from 
young white rabbits weighing about 2 kgm. Equal volumes of the homogenate and a solu- 
tion of nitrate ester in the same buffer, each having been previously warmed to 37°C., were 
rapidly mixed with a high speed stirrer. Unless stated otherwise, the final ester concen- 
tration supplied an amount of nitrogen equivalent to 2.5 mgm. of nitrite ion (NOj) per 100 
cc. Samples for nitrite assay were removed immediately after mixing and at suitable 
intervals during 2 hours’ incubation at 37°C. Nitrite concentrations were determined by 
the method of Yagoda and von Oettingen (6); N-naphthylethylene-diamine dihydrochlo- 
ride, the coupling component described by Bratton and Marshall (15), was used for color 
development. Color intensities were measured in a Fisher photoelectric colorimeter with a 
No. 525 filter. 

The compounds used were glycerol trinitrate, 1-glucosan trinitrate,’ and mannitol 
hexanitrate. Studies were also carried out on sodium nitrate, but there was no indication 
of the reduction of inorganic nitrate to nitrite ion under any of the experimental conditions 
employed. The values reported are based on at least three determinations made at dif- 
ferent times with fresh tissue preparations. 

Results. Fundamental Studies on the Nitrite-producing Systems. Prelimi- 
nary studies indicated that inorganic nitrite was formed rapidly when glycerol 
trinitrate was incubated with liver homogenate, but not with muscle homogenate 
or diluted whole blood. Since glycerol trinitrate was considered “typical” of 
the compounds being investigated, reactions in the presence of liver received 
primary attention. While appreciable variations in activity were observed 
among livers from different animals, these differences do not invalidate the gen- 
eral conclusions. 

(a) Effect of pH. The rate of nitrite formation from glycerol trinitrate, Z-glu- 
cosan trinitrate, and mannitol hexanitrate was measured with a series of buffer 
solutions of graded pH values. The reaction showed a fairly sharp pH maxi- 
mum, with highest values observed in the neighborhood of pH 8.4 (fig. 1). The 
reaction in the case of mannitol hexanitrate appeared less sensitive to pH changes 
than that with the other two compounds. A borate buffer of pH 8.4 was used 
in all subsequent work. No difference was observed in the results with phos- 
phate and borate buffers at the same pH value. 

’ The authors wish to express their appreciation to Mr. Lester P. Kuhn, of the Ballistic 
Research Laboratory, Aberdeen Proving Ground, Md., for supplying the sample of Lglu- 
cosan trinitrate used in these studies. 
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It was also demonstrated that the nitrite-forming system was, at least in part, 
irreversibly destroyed by acid. Homogenates acidified to pH 5 or below, and 
then re-neutralized, were less active in nitrite formation than were the original 
suspensions. However, a considerable part of the activity could be restored 
even after acidification to pH 2 (table 1). 

(b) Effect of Dilution. Further dilution of the liver homogenate with buffer 
led to a considerable decrease in the rate of nitrite liberation from glycerol tri- 
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Fig. 3. Liberation of Inorganic Nitrite from Nitrate Esters Incubated for 
2 Hours at 37°G. with Rabbit Liver Homogenates Prepared with Buffers 
of Varied pH Values 

TABLE 1 


The effect of acidification and of re-neutrahealion on the production of inorganic nitrite 
from nitrate esters by rabbit liver homogenate 


TREATMENT OT HOMOGENATE 

PES CENT or ?OT AX. N FOUND as nitrite 

Glycerol 

trinitrate 

/-Glucosan 
trinitrate , 

Mannitol 

hexanitrate 

Buffered at pH 8 4 

44 


n 

Acidified to pH 2 0.. 

3 



Acidified to pH 2.0, then adjusted to pH S.4. . 

32 




nitrate and I-glucosan trinitrate. However, the amount of nitrite formed from 
mannitol hexanitrate was not greatly diminished even when the original 10 per 
cent suspension was diluted ten-fold (fig. 2). 

(c) Effect of Heat. Since inactivation by heat is a useful tool in the investiga- 
tion of enzymatic reactions, studies were carried out to determine the effect of 
heat on the ability of liver to liberate nitrite ion from nitrate esters. In the case 
of glycerol trinitrate, it was found that a definite loss in activity occurred when 
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the liver homogenate was heated for 5 minutes at 55°C. before mixing with the 
ester; activity was not entirely lost, however, even after heating at 100°C. for 
45 minutes. Mannitol hexanitrate behaved somewhat similarly, but the effect 



CONCENTRATION OF LIVER IN HOMOGENATE 
(GRAMS, WET WEIGHT, / 100 CC.) 

Fits. 2. Nitrite Formation from Nitrate Esters Incubated for 2 Hours at 
37°C. with Rabbit Liver Homogenates of Several Concentrations 



EXPOSURE TEMPERATURE CC.) 

Fio. 3 ._Nitrite Formation from Nitrate Esters Incubated for 2 Hours at 
37°C. with Rabbit Liver Homogenates Previously Exposed for 
5 Minutes to the Temperatures Indicated 

on Z-glucosan trinitrate was unique; partial inactivation took place at lower tem- 
peratures, and an increase in activity was observed in samples exposed to tem- 
peratures between C0° and 100°C. (fig. 3). 
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(d) Effect of Ester Concentration. Since many nitrate esters are only slightly 
soluble in aqueous buffer at pH 8.4, it seemed essential to demonstrate that dif- 
ferences observed among the compounds could not be entirely dependent on 
differences in solubility. Consequently, mannitol hexanitrate was studied at 
three different levels, equivalent to 1.25, 2.5, and 5.0 mgm. of nitrite per 100 cc. 
of final suspension. The amount of nitrite liberated increased with increasing 
ester concentration, indicating that saturation of the solution was not a limiting 
factor in nitrite formation (fig. 4). Estimation of initial reaction velocities by 
extrapolation of these data also indicated that there is at least rough conformity 
with Michaelis’s theory (16). 



The figures on the curves indicate the amounts of mannitol hexanitrate added, in micro- 
grams of nitrite (NO,) per cc. 

Comparative Studies on Three Esters. Table 2 summarizes the results with 
three compounds under several conditions. These data provide the basis for a 
study of some twenty additional nitrate esters, to be reported later. 

(a) Liver Homogenates. The data show that glycerol trinitrate liberated a 
considerable amount of inorganic nitrite during 2 hours’ incubation with liver 
homogenate, and that this value was greatly diminished when the tissue prepara- 
tion was previously heated at I00°C. for 45 minutes. The effect of heat was 
much less pronounced in the case of 1-glucosan trinitrate and mannitol hexa- 
nitrate. 

(b) Muscle Homogenates. After it was demonstrated that the nitrite-forming 
action of liver on mannitol hexanitrate and f-glucosan trinitrate was incompletely 
destroyed by heat, the behavior of these compounds in the presence of muscle 
tissue was investigated. Only a very small amount of nitrite was liberated from 
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glycerol trinitrate in the presence of rabbit muscle homogenate, and this activity 
virtually disappeared in homogenates that had been heated in boiling water for 
45 minutes. Somewhat more nitrite was found in the case of Z-glucosan trini- 
trate, and considerably more with mannitol hexanitrate; in both instances, the 
rate of nitrite formation was increased by prior heating of the homogenate. 

(c) Blood. Defibrinated blood, in a final dilution of 1 :5 with buffer, liberated 
a very small amount of nitrite from glycerol trinitrate, a somewhat larger amount 
from Z-glucosan trinitrate, and considerably more from mannitol hexanitrate. 
Heating the blood in boiling water for 45 minutes increased the amount of nitrite 
formed in all cases, and very greatly with f-glucosan trinitrate. 

Discussion. It appears that at least two distinct systems are responsible for 
the formation of nitrite ion from nitrate esters under the conditions used. The 
first, present principally in liver, can be destroyed by heat. The second, occur- 

TABLE 2 


Production of inorganic nitrite from nitrate, esters by rabbit tissues 


TISSUE PEEPAEATJON 

FEE CENT OP TOTAL N FOUND AS NIT2ITE 

Glycerol trinitrate 

/•Glucosan trini- 
trate 

Mannitol hexani- 
trate 

Fresh liver 

44 

35 

14 

Heated liver* 

12 

27 

10 

Fresh muscle 

4 

7 

14 


1 

13 

20 

Fresh blood 

4 

s 

16 

19 

Heated blood* 

6 

46 




* Heated at 100’C. for 45 minutes, and adjusted to 37°C. before mixing with suspension 
of nitrate ester. 


ring to at least some extent in liver, muscle, and blood, is not only heat-stable 
but is activated by heat, perhaps by liberation from a weakly combined form. 

The reaction can not be explained in either case by simple hydrolysis of the 
esters followed by reduction of the nitrate ion to nitrite, since inorganic nitrate 
does not yield significant amounts of nitrite under identical conditions. The 
alternatives are (1) that the compounds are reduced to nitrite esters before hy- 
drolysis, and (2) that the two reactions proceed together, mutually interdepend- 
ent. In this connection, it would be interesting to study under the same condi- 
tions the fate of nitrous acid esters of polyhydric alcohols having different 
structural configurations. 


summary 

Inorganic nitrite is formed from nitrate esters of polyhydric alcohols by two 
systems occurring in normal rabbit tissues. The first, occurring principally in 
the liver, is heat-labile. The second, found in liver, muscle, and blood, is acti- 
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vated or released from combination by heat. The system as present in fresh 
liver homogenate shows maximal activity in the neighborhood of pH 8.4; after 
acidification to pH 2, it regains most of its activity on re-neutralization. 

REFERENCES 

1. Leech, D. J.: Brit. Med. J., 1: 1305, 1893. 

2. Crandall, L. A., Jr., Leake, C. D., Loevenhart, A. S., anp Moehlseroer, C. W.: 

This Journal, 37:2S3, 1929. 

3. Hay, M.: Practitioner, 30: 422, 18S3 (cited from Crandall (5))- 

4. Herrman, R. F., Leake, C. D., Loevenhart, A. S., and M uehlbercer, C. W.: This 

Journal, 27: 259, 1926. 

6. Crandall, L. A., Jr.: This Journal, 48: 127, 1933. 

6. Yagoda, H., and von Oettincen, W. F.: Pub. Health Bull. No. 282: 8, 1944. 

7. Rath, M., and Krantz, J. C., Jr.: This Journal, 76: 33, 1942. 

8. Krantz, J. C., Jb., Carr, C. J., Forman, S. E., and Cone, N.: This Journal, 70: 323, 

1940. 

9. Marshall, C. R.: This Journal, 83: 106, 1945. 

10. Bach, A.: Biochem. J., 33: 282, 1911. 

11. Haas, P., and Hill, T. G.: Biochem. J., 17: 671, 1923. 

12. Dixon, M., and TinraLOW, S.: Biochem. J., 18: 989, 1924. 

13. Fred, E. B.: Centr. Bakt. Parasitenk, 32: 421, 1912. 

14. Bernhbih, F., and Dixon, M.: Biochem. J., 22: 125, 192S. 

15. Bratton, A. C., and Marshall, E. It., Jr.: J. Biol. Chem., 128 : 537, 1939. 

16. Michaelis, L., and Mente.v, M. L.: Biochem. Z., 49: 333, 1913. 



P-AMINOMETHYLBENZENESULFONAMIDE (SULFAMYLON) : ITS 
DETERMINATION IN BIOLOGICAL FLUIDS, WITH A PRELIMI- 
NARY REPORT ON THE BLOOD SERUM LEVELS OBTAINED UPON 
ORAL AND SUBCUTANEOUS ADMINISTRATION 1 * * 
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p-Aminomethylbenzenesulfonamide, known also as homosulfanilamide, ‘Mar- 
fanil,’ and ‘Sulfamylon,’ 4 has evoked considerable interest in its properties and 
uses as a chemotherapeutic agent, especially in view of certain important differ- 
ences from other sulfonamides. It is freely soluble in water; a solution contain- 
ing 50 per cent by weight may be prepared (1). While there is considerable 
overlapping with other sulfonamides in its range of anti-bacterial activity, sulfa- 
mylon is especially effective against certain anaerobes, such as the gas gangrene 
group and other clostridia, and some gram-negative bacteria resistant to other 
sulfonamides. Sulfamylon was first used in Germany for the local treatment of 
gas gangrene and other wound infections (1). More recently it has been applied 
to the systemic therapy of urinary infections due to gram-negative bacilli, espe- 
cially those not susceptible to other sulfonamides and to streptomycin (2). 
Other notable properties of sulfamylon are the definite bactericidal element in 
its effect and its continued action in the presence of para-aminobenzoic acid ( 3 , 
4). The lack of a method for the quantitative determination of sulfamylon has 
delayed the investigation of its pharmacology and clinical uses. Because sulfa- 
mylon is an aliphatic amine and is not diazotizable, the usual method (of Bratton 
and Marshall) for determining sulfonamides is not applicable to it. 

After investigation of the optical properties of solutions of the drug, the absorption of 
radiation at 265 mp was adopted as the basis of the spectrophotometrie determination of 
Sulfamylon in protein-free filtrates of biological fluids. Sulfamylon solutions show a 
marked absorption in the ultra-violet range of radiation with a well defined maximum at 
265 mp, and at this wave length optical density is proportional to concentration. The 
method devised is applicable to blood serum, whole blood, cerebrospinal fluid, pleural fluid, 
and ascitic and other edema fluids; it has not been applied to tissue extracts. It must be 
standardized separately for fluids differing markedly in protein content. Because of the 
presence of large amounts of interfering substances, which we have not succeeded in remov- 
>ng, application of this method to urine is not feasible. 


l Mucli of this work was made possible by the assistance of the Children's Research 
Foundation. 

•Junior Student, Washington University School of Medicine. 

•Junior Resident Physician, St. Louis Children's Hospital. 

* The material used in these studies was kindly furnished by the Winthrop Chemical 
Company, whose product is known as ‘Sulfamylon.’ For convenience the name sulfamylon 

will be used throughout this paper. 


451 



452 M. LAWRENCE HEIDEMAN, JR., AND ROBERT C. RUTLEDGE, JR. 


Reagents. 5 per cent ZnSOcCHiO (aq.); 0.3 N Ba(OH)j faq.); diethyl ethor {U.S.P. 
grade is satisfactory). The zinc sulfate is titrated with the barium hydroxide, using phen- 
olphthalcin as an indicator, and the appropriate dilution is made to effect equivalence. 

Procedure. For routine studies a 1 : 10 dilution has been chosen for the fil trate. One ml. 
of the body fluid sample is added to 5 ml. of water, and to this dilution 2 ml. each of tbo 
adjusted zinc sulfate and barium hydroxide solutions are added to accomplish protein 
precipitation. After being shaken thoroughly and being allowed to stand for a brief period, 
the resulting suspension is centrifuged and the supernatant is decanted through a small 
filter. Four ml. of the filtrate and an equal volume of diethyl ether are placed in a glass- 
stoppered tost tube and shaken on a mechanical shaker for 5 minutes; subsequent sharp 
separation of the layers is assured by centrifugation. The supernatant ether phase is 
drawn off and discarded, while the aqueous layer is placed in a fused silica absorption cell 
nnd the optical density read at 265 m a in the Beckman DU spectrophotometer against a 
water blank. A blank filtrate treated in exactly the same manner is also compared with 
water at 265 nip, since most biological fluids yield appreciable blanks. For estimation of 
high levels of sulfamylon, this blank may be prepared by the given procedure from any 
random normal sample of the body fluid concerned, but for maximal accuracy it should be 
prepared from a sample taken , previous to the administration of sulfamylon, from the same 
subject as the unknown. 

The optical density obtained by subtracting the blank value from that of the unknown is 
converted to concentration of sulfamylon by multiplying by the appropriate constant 
determined by standardization. The method is standardized by adding a measured volume 
of known sulfamylon hydrochloride solution to a sample of the body fluid concerned and 
'following the analytical procedure described nbovc. Standardization at various concen- 
trations of sulfamylon reveals results closely approximating a straight line when optical 
density is plotted against concentration. 

EXPERIMENTAL 

Solutions of sulfamylon show a sharp absorption peak at 265 mg. Practically , 
no absorption of radiation is obtained in the near infra-red, visible, or long-ultra- 
violet regions of the spectrum, but a definite drop in transmission appears below 
350 mp and is greatest at 265 mp, with transmission increasing rapidly again 
below this wave length. An aqueous solution of approximately 50 mg. sulfa- 
mylon hydrochloride per 100 ml. has the absorption characteristics shown in 
figure 1. 

Measurement at 265 mp of the absorption of different aqueous solutions of 
pure crystalline, sulfamylon hydrochloride reveals that Beer’s Law is followed 
closely (line A of fig. 2). 

A comparison of filtrates of thirteen random blood sera, obtained from both 
adults and children of various ages and of both sexes, revealed some variation of 
optical density, which averaged 0.133 (73.5 per cent transmission) with an aver- 
age deviation from the mean of 0,015. After extraction with an equal volume of 
ether the filtrates averaged 0.103 (79.0 per cent transmission) in optical density 
with an average deviation from the mean of 0.010. The absorption of radiation 
by blank filtrates depends somewhat on the degree of accuracy with which the 
Somogyi reagents are adjusted to each other. The series reported above utilized 
routine, coarsely-adjusted reagents, while with maximum accuracy of adjustment 
the optical densities of serum blanks generally fall within the range of 0.050 to 
0.070. Although the average percentage variation of optical density of blank 
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Tig. 2. 

iltrates is almost as great after ether extraction as before, the absolute variation, 
\hich is the significant thing in this determination, is less after ether extraction. 
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Furthermore, great variations of single cases, which occasionally occur with 
random serum filtrates, are apparently prevented by the ether extraction. In 
addition, the optical density of filtrates after extraction remains constant for 
twelve to twenty-four hours, but without ether extraction changes may occur 
within a few hours, Hence ether extraction contributes to the accuracy and pre- 
cision of the determination. 

Strait, Aird, and Hrenoff (5) found an absorption peak at 265 m a in both nor- 
mal and pathological specimens of cerebrospinal fluid to be due to ascorbic acid, 
while others have attributed it to nucleic acid. Irradiation with ultra-violet 
light was shown by them to obliterate this peak and to decrease the absorption 
at 265 m/x to a low residual value. Because of these reports, filtrates of fresh 


TABLE 1 


PSOCEOURS 

concentration o! 
sulfamylon 

k « ((ms. lOJniU. 
optical density 
at 265 nv 

1. Aqueous sulfamylon solution 

25 

31.2 - -jgj 

25 

33.5 = ^ 

25 

37 - 5 ~ 766-7 

25 

38 7 “ 15 

25 

39 -° = Hi 
! 25 
! 40 - 2 = ii-2 

25 

2. Aqueous sulfamylon solution after ether extraction 

3. Recovery from water after routine analytical procedure of adding 
precipitating reagents and extracting filtrate with ether 

4. Recovery from normal spinal fluid 

5. Recovery from aseitio fluid 

6. Recovery from serum 

7. Recovery from whole blood 


For each of the above procedures the final concentration varied from 5 to 50 mg. per 
100 ml. The “k” values were calculated from the mid-portion of each line and represent 
the slopes of the lines. 

sera were exposed to ultra-violet radiation for 30 minutes and others were incu- 
bated at 37°C. in open vessels for 30 minutes or longer in order to destroy ascor- 
bic acid. No significant changes in absorption were produced by these proce- 
dures, nor was the optical density of a filtrate exposed to room temperature for 
2 days decreased significantly. It seems quite possible that this residual absorp- 


tion is primarily a property of aromatic compounds, especially aromatic amino 
acids, in the serum filtrate. This concept is suggested by their close structural 
similarity to sulfamylon and is supported by the finding that an aqueous solution 
of tyrosine has definite absorption of radiation in the ultra-violet, with a maxi- 
mum at 275 ma- , 

Additional studies were carried out in blood serum by adding 5 ml. of standard 
aqueous sulfamylon hydrochloride solution to 1 ml. of the serum and following 
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the analytical procedure described. Line C of figure 2 presents the data obtained 
from these studies, with optical density plotted against concentration of sulfa- 
mylon in the filtrate. Comparison of lines B and C reveals that in the analysis 
of serum a further loss of sulfamylon occurs, beyond that due to ether extraction. 
This loss is also proportional to concentration and must be attributed to co-pre- 



TIME Vi HOURS 

Fio. 3. Sebum Levels Resulting fbom the Oral Administration op Sulfamtlon 

0.6 gm /kg. 


j 

s 



TIME in HOURS 

Pio. 4. Serum Levels Resulting from the Subcutaneous Administration of 
Sulfamtlon in I Per Cent Solution 

cipitation of sulfamylon. Because of this phenomenon, the method must be 
standardized by addition of sulfamylon dilutions to the sample of biological fluid 
concerned before the proteins are precipitated, so as to reproduce the conditions 
°f determinations of actual unknown levels. To clarify details of the co-precipi- 
tation further, addition studies were carried out on water, cerebrospinal fluid, 
nscitic fluid, blood serum, and whole blood. The results are shown in table 1. 
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It is evident from these data that co-precipitation occurs with both the barium 
sulfate (cf. examples 2 and 3 of table 1) and the proteins (cf. examples 3-7 of 
table 1); hence the method must be standardized separately for fluids differing 
considerably in protein content. However, the magnitude of any error caused 
by normal variations in plasma proteins would obviously be too small to be of 
significance. 

Analysis of sera obtained from patients receiving penicillin, streptomycin, or 
salicylates demonstrated that these substances do not interfere with this spectro- 
photometric determination of sulfamylon. However, it is subject to marked 
interference due to other sulfonamides. As might be expected on the basis of 
their structural similarity to sulfamylon, they cause considerable absorption of 
radiation at 205 m p. 

It is evident that the absolute accuracy of this method of analysis cannot be 
checked in the absence of a completely specific method of determining sulfamylon. 
However, precision has proved good and upon routine analyses of serum the 
error is well below 5 per cent, except with very low concentrations. 

The method described has proved satisfactory in the study of the absorption 
of sulfamylon. Representative serum level curves obtained after the administra- 
tion to convalescent infants and children of single oral and subcutaneous doses 
of sulfamylon are depicted in figures 3 and 4. The rapid excretion of the drug 
and comparatively high dosage to obtain the blood levels shown are evident. 
Full details and discussion of the findings upon oral and subcutaneous administra- 
tion of sulfamylon will be given in a subsequent article. 

SUMMARY AND CONCLUSIONS 

A simple, rapid spectrophotometric method for the determination of p-amino- 
methylbenzenesulfonamide (‘Sulfamylon,’ homosulfanilamide, ‘Marfanil’) is 
described and the rationale of its procedure discussed. 

This method is applicable to blood serum, blood, cerebrospinal fluid, pleural 
fluid, ascitic fluid, and other edema fluid, but not to urine because of the presence 
of large amounts of interfering substances. Although not specific, in view of the 
appreciable absorption of radiation at 265 mp by other substances, it is believed 
to give good results under well-regulated conditions, as described in the proce- 
dure. Other sulfonamides are the only interfering substances likely to be present 
in significant amounts in body fluids to which this determination is applicable. 

A preliminary report of the blood serum levels obtained after oral and subcu- 
taneous administration of sulfamylon is presented, with graphic representation 
of the data. 

Grateful acknowledgement is made to Dr. Alexis F. Hartmann for suggestions 
and assistance during the course of this work and in the preparation of this paper. 
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The most common method for testing antagonism toward spasmogenic agents 
acting upon smooth muscle consists in adding a known amount of antagonist to 
the perfusing bath, where it is retained for a standard time, say one minute, before 
adding the test dose of the spasmogenic substance. As regards histamine and 
antihistaminics, this method was extensively used by Loew et al. (1). Various 
dilutions of each spasmogenic and antispasmodic drug were alternately employed 
m order to approach dilutions of the antagonist that would diminish contraction 
by 75 to 100 per cent. Essentially the same principle was involved in the method 
described by one of us (2) consisting in establishing the dose of antagonist (histi- 
dine, arginine derivatives, and histamine compounds) which would extinguish 
the spasmogenic action produced by a certain amount of histamine added to the 
bath, after a certain time following exposure to the antagonist. This method 
was also used by Morris and Dragstedt (3) to show the antihistamine effect of 
imidazol. A similar extinction method was employed by Mayer et al. (4) to 
screen the antihistamine activity of many synthetic substances, including pyri- 
benzamine. The main characteristic of these methods consists in the fact that 
only one figure is used for the final calculation of the potency of the antagonist, 
and therefore a rather extensive waste of experimental data is inherent to all of 
them. More data can be obtained only through repetition of the same assay, 
some times very laborious, since recovery of the muscle takes a long time to be 
complete. The new method devised by Schild (5) in which “a new scale (pA x ) 
is defined as the negative logarithm to base 10 of the molar concentration of the 
antagonist which will reduce the effect of a multiple dose (x) of an active drug 
to that of a single dose,” offers many advantages, but still involves the same 
principle mentioned above. The other characteristic of these methods consists 
in measuring the dose or concentration of the antagonist which enters into equi- 
librium with a certain dose or concentration of the active drug in their competi- 
tion for the same receptors. Data obtained follow very closely the formula 
established by Gaddum (6) for the antagonism atropine-acetylcholine and 
adrenaline-ergotamine. Although derived from dynamic considerations, 
Gaddum’s formula is valid once equilibrium is attained, establishing essentially 
static relationships between antagonist and active drug concentrations. 

In the present paper, a simple method is outlined in which the speed of re- 
covery of the muscle after the action of the antagonist is employed as a measure 

1 From the Department of Physiology, Fncultj- of MeJicine, Univ. of Sao Paulo. 

1 Department of Biochemistry and Pharmacodynamics. 
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for drug antagonism, and the time of the assay is used entirely for getting data 
that will determine the final value of the antagonist potency. Since time of 
recovery is not influenced by repeated additions of the active drug, two or three 
spasmogenic agents can be assayed simultaneously upon the sanie piece of in- 
testine, giving therefore highly comparable results, in the form of a "spectrum” 
of inhibition. The other advantage of the method consists in allowing a quanti- 
tative analysis of the important phenomenon of recovery of smooth muscle after 
inhibition, not only by the so-called specific antagonists, but also by nonspecific 
damaging agents, such as heat and cold, cell poisons, anesthetics, etc. Moreover, 
the use of the method described in this paper led to an analysis of the other phase 
of the competition problem, not covered by Gaddum’s formula, namely dissocia- 
tion of the hypothetical complex formed between antagonist and receptors, after 
washing out the remnants of the inhibitor from the outside bath. The results 
presented here fit more naturally with the idea that the antagonists studied dis- 
turb cell structure and that recovery of the muscle depends upon an auto-cata- 
lytic regeneration of the receptors. 


EXPERIMENTAL 


Preparation of lysocilhin. Twenty one cc. of n 1 dilution of egg yolk in saline, were in* 
cubated at 38°, in the presence of 4 ce. of a solution of cobra venom (Naia naia ) containing 
1 mg. per 1 cc. Incubation was prolonged for 12 or 14 hours, with a few drops of toluol as 
preservative. The active mixture was then poured into 250 cc. of hot ethyl alcohol and 
filtered while hot. The alcohol was evaporated to dryness in vacuo and the residue taken 
up in acetone, well shaken and collected by filtration. The material was further dried by 
several additions of fresh acetone and finally dissolved in saline for the assay. After 
standing in the ice-box, an inert precipitate is formed that can be removed without loss of 
potency of the clear and foamy supernatant. The venom of the indian cobra (Naia naia ) 
was supplied through the courtesy of Dr. C. H. Ivellaway, of the Wellcome Research Foun- 
dation, London. 

Synthetic antihistamine agents. Neo-antergan in the form of the malonate of N-(p- 
methoxybenzyI)-N-dimcthy]aminoethyl, alpha-aminopyridine, was kindly supplied by 
Dr. R. Throwers, of the May and Baker Ltd., Dagenham Essex, England. Pyribenzamine 
(the hydrochloride of N-benzyl-N-dimethylaminoethyl, alpha-aminopyridine), antistine 
(2N-phenyl-N-benzylamino-methylimidazol) and trasentine (beta-dimethylaminoethyl- 
diphenylacetate hydrochloride) were supplied through the courtesy of Dr. R. L. Mayer, 
of the Ciba Pharmaceutical Products, Inc., Summit, N. J. Benadryl (beta-dimethylamino- 
ethyl-benzhydryl ether hydrochloride) was supplied through the kindness of Dr. G. Rie- 
veschl, of the Parke, Davis and Co., Detroit, Michigan. 

Routine of the assay. Before starting the assay, the piece of guinea pig ileum is submitted 
to several additions of the same dose of histamine, in order to give a set of regular responses 


to the same dose of the active drug. The height of these regular contractions is taken as 
100 per cent of response, to a dose of histamine giving moderate (not maximal) contraction. 
Since all calculations are carried out upon percentages, the actual amount of histamine 
added docs not affect the results, provided the differences are not very large. Under the 
conditions of our experiments, the dose of histamine added was usually 0.2 to 0.4 cc. of 1.2 
million solution of the base. The amount of the inhibitor to be tested was added to the 
perfusing bath containing the muscle and kept in contact with it for exactly one minute, 
the muscle was then washed with three changes of fresh Tyrode's Solution and the first 
dose of the stimulating agent (histamine, acetylcholine, ICCI, etc.) was added exactly one 
minute after the removal of the inhibitor. The contraction of the muscle and changing o 
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perfusing fluid take 30 seconds; after that time, a resting period of one minute is allowed to 
elapse Before the addition of the same dose of the spasmogenic agent. Thirty more seconds 
and one more minute elapse before the third addition and so on. The time of the first 
addition is taken as origin (0) and the first contraction, calculated as a percentage of the 
control contraction, is indicated by Po; the successive contractions, similarly calculated as 
percentages of the controls, are indicated as P, at time t. 

The assa 3 ' was performed in a Dale’s apparatus, with a chamber of 7 cc. capacity, after 
immersion of the piece of the guinea pig ileum (about one inch long). The latter was care- 
fully opened at the attaching points in order to allow a free circulation of Tyrode’s Solution 
through the lumen. The lever used was constructed according to the specifications of 
Schild (5) for an approximately linear and isotonic frontal writing. It was devised with 
the "purpose to ensure that the relation between shortening of the gut and effect on the 
drum should be linear.” If the angle of the lever with the horizontal does not exceed 35°, 
that purpose is practically attained (7). 


RESULTS 

Lysocilhin. When the venoms of certain species of snakes are incubated with 
egg yolk, they generate a powerful hemolytic substance — lysolecithin or lyso- 
cithin — by splitting off a molecule of oleic acid from lecithin (8, 9;. This effect 



Fio. 1 . Lysocithin Solution in Saline 

In each panel, 0.2 cc. of different dilutions of a strong solution (1/1) of a purified lysocithin 
preparation. Testing solution: histamine 1:2 millions (0.2 cc.). 


is due to the action of an enzyme — lecithinase — present in the venoms of many 
species of snakes (Naia naia, Deni sonia saperba, Crolalus l. terrificus, etc.). An 
extensive study of the pharmacological effects of lysocithin was presented by 
Houssay (10) and Feldberg and Ivellaway (11). The latter authors described 
the effects of lysocithin upon the gut and showed that it reduces the excitability 
to several agents, e.g. histamine and acetylcholine, and also reduces the spon- 
taneous activity of the intestine of several species of animals. 

The inhibitory effect of a moderate dose of lysocithin is not instantaneous, 
requiring a certain time to be effective. If lysocithin is kept for one minute in 
contact with the gut and then washed out and recovery of the muscle tested at 
1.5 minute intervals, a regular curve can be obtained that follows a simple math- 
ematical equation that will be deduced in another section. If the dose is in- 
creased, a correspondingly increased effect, as measured by the time for 50 per 
cent recovery (R S o), is obtained (fig. 1). If one plots in relation to time the per- 
centages of effects of the same dose of histamine, after washing out the lysocithin, 
taking the initial contraction ns 100 per cent, the time necessary for 50 per cent 
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recovery (R 5 o) will measure the amount of lysocithin assayed. Using this an- 
notation, the formation of lysocithin can be quantitatively timed. If now, the 
It so for different doses are plotted in an arithmetic scale against the doses of 
lysocithin, a curve approaching a hyperbola, with an asymptote approaching 
1100 seconds can be obtained (fig. 2 a). As for other kinds of antagonism, the 
most useful part of the curve is that comprised between 20 and SO per cent of 
maximum effect, in this case, for values of Jt S o comprised between 200 and S00 
seconds, approximately. In this range, the dose-effect curve approaches a 
straight line, especially when the dose of antagonist is plotted in a logarithm 
scale (fig. 2 b). These curves can be used to calculate, in arbitrary units, the 
amount of lysocithin present in a solution, if one takes, for instance as. a unit, 
the amount of lysocithin which produces a 50 per cent recovery in one minute 
(time 0). Negative values for R 50 indicate, of course, that recovery over the 50 
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Fig. 2. Tub Same Dried Preparation ok Lysocithin Assayed upon* Two 
Different Ileems (I and II) 

(A) arithmetic scale; (B) the values of ILonre plotted against log. of dose of the lysocithin 
preparation. 


per cent level took less than one minute, or that inhibition was not strong enough 
to cross the 50 per cent ordinate. 

The curve correlating the amount of antagonist added to the intensity of effect 
as measured by the R 6 o index, is of the same kind as those obtained with other 
inhibitors such as atropine toward acetylcholine (for other examples, see Clark 
(12)) and benadryl toward histamine (13). The shape of the curves can be in- 
terpreted as indicating an adsorption phenomenon, as studied by Langmuir (14)- 
In the case of very potent antihistamine agents, as pyribenzamine and neo- 
antergan, that show a tendency for irreversibility when, relatively small doses 
are applied, this effect is not so clearly seen. It is, however, interesting that such 
a general law is again verified by using an entirely different method of measure- 
ment, as the one described above. 

As shown in figure 3, the inhibitory effect of lysocithin depends considerably 
upon the time of contact with the muscle, ft is not specific toward histamine 
and is even slightly stronger toward acetylcholine, as shown in figure 4, in which 
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the “spectrum” of inhibition has been obtained by using the method described 
above. A few additional facts should be mentioned here. First, the rate of 
recovery is independent of the number of additions of the spasmogenic agent. 



Fig. 3. Effect of 120 y of a Dried Preparation- of Lysocithin, Kept in Con- 
tact with the Muscle for Increasing Intervals of Time 

Testing dose: histamine 1:2 millions (0 2 cc.) 



Fig I. Spectrum of Inhibition Produced by Lysocithin 


A dilution 1/10 of a strong lysocithin preparation was added at the arrow and washed out 
one minute later. Equipotcnt doses of acetylcholine and histamine were added alter- 
nately, every 1.5 minute. Recovery toward histamine was more rapid than toward acctvl- 
ch*!inc. 


Even large do^es of histamine did not alter appreciably this rate of recovery-. 
If recovery to lysocithin is allowed to proceed at two different temperatures, as 
37° and 27°, the is changed considcral lv from 506" at the higher temperature, 
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to 930" at the lower temperature, suggesting that a chemical phenomenon is in- 
volved in recovery. 

Synthetic antihistamine drugs. Similar results were obtained by using bena- 
dryl, pyribenzamine, antistine and trasentine, as inhibitors. Neo-antergan, in 
the dose of 0.1 to 1.0 7 gave somewhat irreversible inhibition and therefore was 
less used than the other antihistamine substances. With benadryl, the same 
kind of irreversibility was obtained when the dose went up to 20 or 40 7. In- 
teresting “spectra" of inhibition were obtained by using alternately acetylcho- 
line, histamine and ICC1 as spasmogenic agents in the assays. They have been 
omitted because the}’ were only confirmatory of data already found in the litera- 
ture (5, 15). 

It is quite impressive that so different agents as lysocithin, benadryl, pyriben- 
zamine, and also, as shown in a future paper, higher doses of acetylcholine and 
histamine, as well as octyl alcohol, lead to a kind of inhibition, the recovery from 
which follows essentially the same law. Such an analogy was rendered even 
more striking through calculation of the kinetics of recovery, as shown in the 
following section. All these facts constituted strong indication that recovery 
from inhibition depends solely upon the intimate potentialities of the muscle, 
and by no means from the dissociation of a complex supposedly formed between 
antagonist and cell receptors. 

Kinetics of recovery. The shape of the curve correlating R50 to the dose of 
inhibitor, as well as the work generally known upon the mechanism of inhibition 
produced by antagonists as atropine, benadryl, etc., indicate that the primary 
effect of the drug is one depending on adsorption upon cell receptors. Of an 
entirely different nature appears to be the other part of the phenomenon, after 
the drugs have been washed out from the external bath. Since adsorption de- 
rives from the interaction of attractive forces not unrelated to those commanding 
chemical affinity (Langmuir (14)), one might assume that the drug combines 
with the cell receptors, forming a chemical complex that starts to dissociate as 
soon as the antagonist is washed out from the outside bath. This assumption 
is actually implied in the calculation of Gaddum’s equation, since it is stated that 
“the rate of dissociation is proportional to the amount of drug fixed, or to the 
number of receptors occupied by the drug” (Clark (12)). Assuming that the 
percentage of contraction P 0 , at time 0, is a linear measure of the number of 
receptors left free by the antagonist, 100 — P 0 will indicate the number of recep- 
tors blocked by the antagonist at the origin of time and therefore a — 100 — 
P 0 will measure the concentration of the hypothetical complex at the origin of 
time. Assuming that this complex will break up following the law of a monomole- 
cular reaction, x = P — Po will indicate the decrements of (a) after a time (t), 
and the formula for constant k can be easily transformed into: 


k = 



100 - P 0 
100 - P 


(I) 


As indicated in table 1, if constant k is calculated according to this equation, 
it continuously increases. If one plots (fig. 5) the different values of “constant 
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TABLE 1 


Examples oj calculation of constant Ic' for lysocilhin, henadryl, pyribenzaminc and anlistine 


LYSOCITHIN (3 UGM.) 

BENADRYt (5 7 ) 

t (min.) 

P (%) 

k 

k' 

t (min ) 

p (%) 

k 

k' 

0 to 6.0 

0 





0 to 3.0 

0 

— 

— 

7.5 

2.7 

0.001 

■Hi 

4.5 

10.0 

wiWs Tim 

(0.10) 

9.0 

5.4 

0.003 

0.052 

6.0 

17.0 


0.076 

10.5 

10.8 

0 005 

0.044 

7.5 

30.0 


0.070 

12.0 

16.0 

0.006 

0.039 

9.0 

40.0 


0.063 

13.5 

37.5 

0.015 


10.5 

73.0 


0.073 

15.0 

48.5 

0 019 

0.039 

12.0 

80.0 


0.072 

16.5 

62.0 

0.025 

0.040 

13.5 

85.0 


0.072 

18.0 

86.0 

0.047 

0.054 

15.0 

100.0 


— 

k' (average) 


0.044 

k' (average) 


0 071 

±SE 



±0.002 

±SE 



±0.002 

Rio (found) = 912' 


Rio (found = 588' 



Rio (calc.) = 820' 


Rio (calc.) = 510' 



PYEIEENZ AMINE (0 2 Tf) 

ANTISTATE (10 y) 

t (min.) 

p(%i 

k 

k' 

t (min.) 

p (%> 

k 

k' 

0 

4.7 





0 

6.7 

— 

— 

1.5 

9.5 


0.15 

1.5 

13.3 


0.16 

3.0 

26.2 


0.14 

3.0 

33.0 

0.048 


4.5 

40.5 


0.11 

4.5 

33.0 


0.10 

6.0 

62.0 

0 066 

0.11 

6.0 

66.0 


0.11 

7.5 

70.0 

0.067 

0.10 

7.5 

83.0 

0.098 

0.12 





9.0 

100.0 

— 

— 

k' (average) 


0.12 

k' (average) 


0.13 

±SE 



±0.01 

±SE 



±0.01 

Rio (found) = 300' 




Rio (rale.) = 301' 






Note: Rso (found) was determined directly upon tho curves of recovery; Rio (calc.) 
was calculated from equation III. 


h against the values of P, a straight line is obtained, showing that variations of 
k follow the same law as that for the increase of percentages of effect (free recep- 
tors). If now, a new quantity is defined: 


k' 


100 , 100 - P 0 

tP 5 100 - P 


(II) 


the values obtained are fairly constant for the whole process of recovery'. This 
simple and attractive correlation between k and P, strongly suggests that the 
liberated receptors, if the process is one of liberation, influence the rate of appear- 
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ance of new receptors, in such a way that the reaction follows an auto-catalytic 
course. 

Table 1 and figure 7 show examples of calculation and fitting of experimental 
data and theoretical values deduced from equation II. This formula for k' gives 
a satisfactory description of the phenomenon in most cases and was calculated 
for a considerable number of experiments with different inhibitors (table 2). It 
is interesting that for all antagonists used in these experiments, when inhibition 
is measured by a certain value of Rso, the order of magnitude of k' is the same. 



Fio. 5. Correlation between the Values or First Order "Constant" k and Per- 
centage of Recovery from Inhibition by I.ysocithin, Benadryl, Neo-aNteboaN 

AND PyRIBENZAMINE 



Fio. 6. Recovery from Inhibition by Lysocithin 

The theoretical curves were calculated from equation II. In one curve, k' is exactly the 
average of experimental values. In the other curve, k' was chosen as 0.052 that is not sig- 
nificantly distinct from the experimental average (0.054). Points represent experimental 
values for P, plotted against time of recovery. 

Moreover, for all substances assayed (including atropine toward acetylcholine) 
it had a tendency to drop for higher values of Rso, as shown in fig. 7 a. The rate 
of decrease of k' in function of R 50 is so strikingly similar for so many different 
inhibitors that it would indicate that the same process develops in the muscle 
during recovery from inhibition by all antagonists assayed. 

It is interesting to refer to a few theoretical implications of formula II. We 
can easily show that the experimental correlation between Rso, determined 
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directly upon the curves of recovery (the point where the curve crosses the 50 
per cent ordinate) and the corresponding average for k', might be forecast from 
equation II. In the great majority of the cases, P 0 is too small and can be 
omitted in face of P. For P = 50, the formula is further simplified, giving: 

k' - 36.1 /R 6 o (III) 

This simple relationship, giving R 6D directly in seconds, can be graphically 
represented by a hyperbola, as shown in fig. 7 a. Moreover, if, instead of k', the 
reciprocal (X = 1/k l ) is plotted against R 5 o, a straight line is obtained, correlat- 
ing the increasing values of Rso with the increasing values of 1/k' (X). There is 
a slight tendency of the values of 1/k' to deviate from linearity, when they are 
too small; this is due to the fact that P 0 was omitted in the deduction of equation 
III and high values of P 0 are connected with high values for constant k'. 
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Fio. 7. Values of R s0 (Determined Directly upon Experimental Percentage-Time 
Plots), Plotted against Average k' (Deft) and Reciprocal 
of k' (A), at the Right 

Theoretical curves are calculated from equation III 


From formula II, it can be deduced that X, the reciprocal of k', represents ap- 
proximately the time for 85 per cent recovery and might per se constitute a meas- 
ure of antagonism. Rso, however, is more easily calculated from the curves of 
recovery, and therefore, by a method independent of k'. The high correlation 
between R« (found) and k' (average of all values calculated as shown in table 
1), clearly seen in figure 7 a and b, constitutes, therefore, an additional demon- 
stration of the reliability of the method described. 


DISCUSSION 

A quantitative method for measuring drug antagonism was developed, on the 
basis of speed of recovery of the guinea pig gut, suspended in a Tyrode solution. 
This study was further extended to cover a mathematical treatment of the ki- 
netics of the phenomenon and the insufficiency of the accepted theories to explain 
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this other part of the phenomenon of competition was clearly established. These 
weak points have been stressed by C lark (12) on the basis that the rate of removal 
of atropine from the frog’s heart is not increased by exposure to high concentra- 
tions of acetylcholine. On the other hand, the rate of wash out of the inhibitor 
is so slow as compared with the rate of wash out of the active drug that one hardly 


TABLE 2 

Comparative data obtained with different antagonists 


' TRASE.VTINE 

ANTIST1NE 

Dose (7) | 

d.f. 

k'±SE 

R»# 

Dose (t) 

d.f. 

k'±SE 

R*. 


0 

0.59 

<0 

1.0 

0 

0.75 

IS' 


0 

0.40 

<0 

2.0 

1 

0.37 ± 0.045 

42' 

100 0 

3 

0.23 ±0.024 

162* 

3.0 

1 

0.37 ± 0.01 

60' 

300.0 

4 

0.12 ±0.012 

354' 

5.0 

2 

0.23 ± 0.02 

96' 

. 




10.0 

4 

0.16 ±0.03 

300' 

BENADRYL 

PYRIBENZAUINE 

Dose (7) 

d.f. 

k' ± SE 

j R<i 

Dost (7) 

d.f. 

k'±SE 

Ri. 

0.5 

i 

0.37 ± 0.03 

mm 

0.02f 

2 

0.18 ± 0.011 

63' 

2.0* 

4 

0.13 ±0.014 

19 

0.04f 

2 

0.17 ± 0.0024 

90' 

2.0* 

4 

0.13 ± 0.02 

28S* 

0.1* 

3 

0.16 ±0.005 

207' 

4.0 

5 

0.09S ± 0.0043 

438' 

0.1* 

3 

0.16 ±0.011 

* 

1C 

c*5 

CM 

5.0* 

6 

0.070 ± 0.0035 

534' 

0.2 

3 

0.14 ±0.010 

315' 

5.0* 

5 

0.077 ± 0.004 

570' 

0.4 

4 

0.064 ± 0.0047 

603' 





2.0 

7 

0.030 ± 0.001 

1200' 

NEO-ANTESCAN 

LYSOCITHIN 

Dose (7) i 

d.f. 

k'rfcSE 

J Rm 

Dose (mg) 

d.f. 

k' ± SE 

R»» 

0.01 1 

2 

0.13 ±0.015 

<0 

0.33 

3 

0.14 ±0.014 

222' 

0.02f 

3 

0.13 ±0.017 

142' 

0.60 

5 

0.070 ± 0.0025 

428' 

o.oit 

5 

0.10 ± 0.011 

240’ 

1.00 

5 

0.070 ± 0.0014 

468' 

0.1 

5 

0.10 ±0.006 

300' 

1.33 

6 

0.042 ± 0.0052 

624' 

0.5 

4 

0.081 ± 0.011 

468' 

1.66 

5 

0.042 ± 0.0021 

882' 




1 

3.00 

7 

0.044 ± 0.0018 

912' 


* Determinations in the guts of different ghinca pigs, 
f The data represent averages of two assays upon the same gut. 
d.f. = degrees of freedom in the calculation of SE. 

Rs„ represent the values determined upon percentage-time plots. 


could imagine that both processes indicate dissociation of reversible compounds 
with the same receptors. This might, however, indicate that the inhibitor forms 
a more stable complex with the receptors than the active drug itself. But, even 
in that case, dissociation of the complex would follow a different course than that 
experimentally found. In fact, if dissociation of the formed complex is propor- 
tional to the initial concentration of the complex formed, regeneration of free 
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receptors would be maximal at the beginning, slowing down as dissociation pro- 
ceeds. 

We have taken for granted that the percentage of response to a certain, con- 
stant dose of histamine added to the external bath, constitutes a quantitative 
measure of the number of receptors available at the moment of the addition 
(Gaddum (6)). Therefore, any increase in response is a linear measure of “re- 
generation” of the receptors, assuming that the recording lever used in these ex- 
periments gives approximately linear inscription of the histamine effects (7). 
The quantitative study of the kinetics of regeneration would induce one to assume 
that the reappearing receptors would influence or catalyse the process of recovery 
or, in other words, that regeneration of receptors is an auto-catalytic phenome- 
non. Any other law of regeneration, as breaking up of an inactive complex of 
the inhibitor with the receptors, would follow an entirely different curve, as indi- 
cated by the increa ing values of “constant,” k, for a monomolecular reaction. 

Analogies with the effects of drugs upon enzymatic systems, led C lark and 
others to postulate that receptors can be fruitfully represented as patches in the 
surface of enzymes, the activity of which is essential to the biological response 
elicited by the drug. Therefore, we might represent receptors for different spas- 
mogenic substances acting upon the same smooth muscle structure as specialized 
and independent loci upon which the drug is supposed to anchor and act selec- 
tively. Eut owing to the fact that there is no antagonist acting upon one of 
those receptors to the exclusion of others, but on the contrary all antagonists 
known up to now, from atropine (the most specific toward acetylcholine) to neo- 
antergan (the most specific toward histamine) constitute a transition from one 
extreme to the other, we have to assume that a contiguity or, otherwise, a rela- 
tionship exists between different receptors for different spasmogenic drugs 
(Loew (16)). 

The fact that exceedingly small doses of inhibitor can block the effect of many 
equivalents of the active drug has always been a complication in the theoretical 
interpretation of drug antagonism. If antagonism depends upon a stable com- 
bination of the inhibitor with the receptors for the active drug one would expect 
a great excess of inhibitor to be necessary to block all the receptors available, as 
it was shown in the case of arginine, histidine and the histamine-aminoacid com- 
pounds (2). Even an equimolar ratio would be extremely difficult to interpret 
on a simple chemical basis. In order to provide an explanation for this difficulty, 
Pfeiffer (17) has recently developed the theory that the inhibitors might produce 
an umbrella-like effect protecting or inactivating a larger number of receptors 
after combining with only one of them. 

The facts here described conform with the idea that the inhibitor would, in a 
certain way, disturb or damage the surface of some enzyme, the activity of which 
is essential for the response of the muscle. This disturbance or damage would 
propagate over a more or less extensive area, according to the dose or concentra- 
tion of the inhibitor applied. According to this view, the role of the specific 
receptors would be one of directing the effect of the antagonist to preferential 
loci normally interfeicd with by the corresponding active drug (histamine or 
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acetylcholine). It is obvious that if the effect of the antagonist is strong enough 
the disturbance could propagate to larger areas and other specifically distinct 
receptors would be partially affected. Recovery from inhibition would represent 
the auto-catalytic regeneration of the previous status of the enzyme surface. 

This view, transferring to the muscle itself its capacity of recovering from in- 
hibition, would explain why regeneration of receptors follows the same law, no 
matter which inhibitor has been applied. We will show in another paper that 
certain ions (K + and Sr ++ ) accelerate recovery, while Mg ++ and Ca + + slow down 
the process of recovery. The disturbance postulated above might be, therefore, 
dependent upon displacement of ionic layers, the integrit}' of which is essential 
for muscle contraction (see Szent-Gyorgyi (18)). That some of the phenomena 
of ionic interchange at the surface of the myosin molecule can follow an auto- 
catalytic course was also suggested by Szent-Gyorgyi. 

This explanation, of course, is not the only one possible. To explain the sinus- 
oid curve, one might assume that we are dealing with a variable population of 
receptors, showing different affinities for the inhibitor, in such a way that at the 
beginning only the receptors showing less affinity would be liberated, while at 
the end of the process, those more numerous, showing a medium affinity would 
appear in a somewhat explosive way. Other possible explanations, as similarity 
with the process of titrating a buffer solution (in which case pH should be rep- 
resented by time), are extremely difficult to analyse in concrete terms. None of 
them, however, would explain all the observed facts as simply as the theory ad- 
vanced above. 


SUMMARY 

A method of preparation of lysocithin is described and its inhibitory effect 
upon the action of histamine, acetylcholine and KC1 on the guinea pig gut 
studied. A simple method for quantitative estimation of lysocithin is described 
on the basis of the speed of recovery of the gut from inhibition produced by 1 
minute contact with lysocithin. 

The index R 50 is defined as the time in seconds for a 50 per cent recovery after 
washing out of the inhibitor. This index is proposed as a measure of antagonism 
and it can be correlated to the dose of the inhibitor. A “spectrum” of inhibition 
can be obtained by testing alternately, upon the same gut, equipotent doses of 
several spasmogenic agents (histamine, acetylcholine, KC1, etc.). 

Application of the method was extended to the antagonism produced by anti- 
histaminics, as neo-antergan, pyribenzamine, benadryl and antistine and also to 
antispasmodics of the trasentine type. 

The kinetics of the process of recovery from inhibition was studied and a new 
constant k' was defined as the ratio k/P multiplied by 100, where k represents 
the “constant” of a first order reaction and P, the percentage contraction at any 
time, the initial response taken as 100 per cent. 

R 6a was found to be theoretically and experimentally correlated to the average 
of k' for each concentration of inhibitor, according to the equation of a hyperbola. 
The reciprocal of k' (X) is numerically equivalent to the time in minutes for 85 
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per cent recovery. Since recovery from inhibition followed the same law, no 
matter which antagonist has been used, the suggestion is made that it depends 
upon the same intimate process developing in the muscle and that it probably 
depends upon the auto-catalytic regeneration of a metabolite or of some ionic 
arrangement in the surface of an operative enzyme, the activity of which is essen- 
tial for muscle response. 
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In the past little attention has been paid to the pharmacological properties of 
a substituted ethers of glycerol. In 1910 Gilbert and Descomps (1) investigated 
3-phenoxypropan-l ,2-diol and observed that it caused transient paralysis in 
guinea pigs and rabbits and a sharp but transient fall of body temperature in 
dogs. The French authors also reported the results of preliminary clinical trials 
and recommended the substance as an antipyretic and analgesic. It was com- 
mercially available under the name of “Antodyne” (2). Berger and Bradley (3, 
4) investigated the pharmacological properties of a large number of simple mono 
ethers of glycerol and found that certain of these compounds possessed a peculiar 
central depressant action. They suggested that Myanesin, 3-(2'-methyl- 
phenoxy) propan-1 ,2-diol, the most suitable and safest compound of the series, 
may be useful in the treatment of spastic and hyperkinetic states and for the 
production of muscular relaxation during anaesthesia. Numerous clinical reports 
have since shown the usefulness and limitations of the drug in these conditions 
(5, 6, /, 8, 9). 

The central depressant action of glycerol ethers. The central depressant action 
of all glycerol ethers possessing this property was, with a few exceptions, quali- 
tatively similar. ‘ 

After administration of small doses there was little change in the appearance 
and behaviour of healthy animals. There was a slight decrease in spontaneous 
activity, but voluntary muscle power and reflexes were not affected. Respira- 
tion and blood pressure remained unchanged. In animals showing increased 
reflexes, similar doses caused a return of reflexes to normal. Experimentally 
produced tremors and involuntary movements were abolished by similar doses 
(10). Larger doses caused incoordination and after still larger but tolerated 
doses there was complete muscular paralysis with a decrease of muscle tone. The 
posterior half of the animal was more affected than the anterior half and muscles 
below the costal margin were, as a rule, more flaccid, and remained relaxed for a 
longer period of time than those above the costal margin. Spontaneous respira- 
tion was maintained even during profound paralysis indicating that the dia- 
phragm was not affected. The corneal reflex and consciousness were not lost. 
Paralysis, as a rule, was neither preceded nor followed by excitation. Decere- 
brate rigidity could be abolished and tetanic spasms relieved. Administration 
of these substances prior to ether or barbiturate anaesthesia caused suppression 

l Present address University of Rochester, School of Medicine and Dentistry, Rochester 
7, New York. 
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of the stage of excitation and a smoother narcosis. The effects of strychnine 
and metrazol could be antagonized but nikethamide and picrotoxin did not pos- 
sess antagonistic properties (11). Numerous compounds of this series prevented 
the occurrence of electrically induced convulsions. Lethal doses caused death 
by respiratory paralysis. 

I. THE PARALYZING ACTION OF GLYCEROL ETHERS 

Method. Adult male white mice weighing 18 to 23 grams were used. On the average 
about 60 mice in groups of 10 to 15 were used at different dose levels for each drug. The 
loss of the righting reflex for at least one minute was taken as criterion of paralysis. Deaths 
were counted 24 hours after administration of the drug. The median paralyzing and lethal 
doses, found graphically by the method of Miller and Tainter (12), were used as indices of 
the activity and toxicity of the compounds. Because of the low water solubility of many 
of the substances, suspensions in gum acacia 5 per cent w/v were prepared and administered 
subcutaneously. A few substances which were ineffective when administered in this man- 
ner were given intraperitoneally dissolved in 10 per cent v/v of aqueous propylene glycol. 
The total amount of propylene glycol administered in this way never exceeded 5 cc. per kg. 
body weight. This amount did not cause any symptoms when injected by itself. The mean 
lethal dose of the sample of propylene glycol used was 14.5 ±1.5 cc. per kg. body weight for 
mice after intraperitoneal administration. The results were expressed in millimols per kg. 
body weight. 

1) S-Alkoxypropan-1 ,2-diols (table 1). When the alkyl group was methyl, 
ethyl, and propyl the compounds did not show any paralyzing or toxic effects 
in the doses tried. The n-butyl derivative possessed paralyzing action. The 
maximum activity was shown by the n-amyl compound. A further increase in 
the length of the hydrocarbon chain reduced activity. The iso-butyl and iso- 
amyl ethers were less active than the corresponding normal isomers. The allyl 
ether did not show activity but was more toxic than the corresponding saturated 
ether. The 2-methyl allyl compound was also inactive, but the introduction 
of a bromine atom into the allyl radical caused the re-appearance of paralyzing 
activity. 

2) S-Aryloxypropan-1 ,2-dioh (table 2). The 3-phenoxypropan-l ,2-diol had 
greater paralyzing activity than most members of the aliphatic series. The intro- 
duction of an amino group into the nucleus abolished the paralyzing activity and 
the paralyzing action could not be restored by acetylation of the amino group. 
The 3-(4'-propionylamidophenoxy) propan-1 ,2-diol, however, was active. The 
2- and 4-formylphenyl ethers were devoid of paralyzing action, but the 3-nitro- 
phcnyl ether possessed some activity. The benzyl ether had stronger paralyzing 
action and was relatively less toxic than the phenyl ether. Alkyl and alkoxy 
substitution in ortho position in the benzyl nucleus increased both activity and 
toxicity, but the increase in toxicity was relatively larger than the gain of para- 
lyzing action. The saturated homologuc of the phenyl ether, the cyclohexyl 
ether did not possess any paralyzing action but had convulsant properties. The 
a and /3-naphthyl ethers were devoid of paralyzing action in non-lclhal doses. 
The 2-quino!yI and the S-(l ,2,3,4-tctrahydro)quinolyl ethers had marked para- 
lyzing action and a distinct margin of safety. The S-quinoly! ether after sub- 



TABLE 1 

S-Alkoxypropan-t ,£-diol 
R— 0 — CHj — CHOH— CHjOH 


Mean paralyzing and lethal doses of 3-alko<;ypropan-I,2-dinIs in miliimols per kg. body 
n eight after subcutaneous administration to white mice 


R— O— CHt— CHOH— CHiOH 
R-substjtuevt 

MOLECULAR 

WEIGHT 

PD»# ± SE 

> LDj? SE 

LDii 

PDi* 

Methyl 

10G 

nil /kg. 

>24.0 

mil /kg. 

>24 0 

— 

Ethyl 

120 

>21.0 

>21.0 

— 

n-Propvl 

134 

>15.4 

>15.4 

— 

n-Butvl 

14S 

10.0 ± 0.36 

18.9 ± 1.0 

1.9 

Isobutyl 

143 

10.8 =fc 1.1 

>17.0 

>1.6 

n-Amyl 

162 

5.4 ± 0.3 

12.3 ± 0.62 

2.3 

Isoamyl 

162 

7.6 zh 0.49 

13.0 ± 0.8 

1.7 

n-He\yI 

17G 

6.0 ± 0.4 

12.7 ± 0.46 

2.1 

Cetyl . 

316 

>9.5 

>9.5 



Octadeej’l 

344 

>8.8 

>8.8 



Ally! 

132 

— 

8.6 ± 0.6S 

• 

2-Methylallyl 

146 

— 

11.1 ± 1.0 

— 

1-Bromallyl 

211.9 

7.6 ± 0 71 

9.8 ± 0.85 

1.3 

l-Brom-2-methylallyl 

224.9 

3.1 ± 0.35 

4.3 ± 0.37 

1.4 


TABLE 2 

S-A ryloxypropan-1 , S-diols 


Mean paralyzing and lethal doses of 3-arylo'typropan-1.2-diols after subcutaneous 
administration to white mice 


R—O—CHt— CHOH— CH jOH 
R-substituent 

MOLECULAR 

UEICHT 

PDia ± SE 

LDn rt SE 

LDii 

PDf* 



mil /kg 

nil /kg. 


Phenyl 

168 

5.5 

± 0.41 

10.0 dfc 0.56 

1.8 

2-Aminophenyl 

183 


— 

7 7 ± 0.55 

— 

4-Aminophenyl . . 

183 


— 

>16.3 

— 

2-Acedamidophenyl 

213 


— 

7.7 ± 0.3 

— 

4-Acedamidophenyl . . 

213 


— 

12.0 ± 0.79 

— 

4-Propionylamidophenyl . . . 

239 

5.6 

± 0.45 

8.0 ± 0.59 

1.4 

2-Methyl-4-aminophenyl . . . 

197 


— 

16.3 ± 1.12 


4-(2'Amino-2'-carbo\y)ethyl- 






phenyl (tyrosyl) 

255 


— 

S.2 ± 0.62 

' 

2-Formylphenyl . 

196 


— 

5.8 ~b 0.37 



4-FormyIphcnyl 

19G 


— 

12 S ± 0 94 

— 

3-Nitrophenyl 

213 

2.9 

± 0.1 

4.0 ± 0.29 

1 4 

Benzyl . 

182 

3.3 

± 0.12 

10.0 ±06 

3 0 

4-Methylbeit7yl 

196 

1.6 

± 0 19 

3 5 ± 0.36 

2 2 

4-Ethylbenzyl 

210 

1 6 

± 0 14 

4.5 ± 0.27 

2 8 

4-Metho\ybenzyl 

212 

5 4 

± 0.45 

11.3 ± 0 75 

2.1 

2-Ethoxybenzyl . 

226 

1.5 

± 0.11 

4.2 ± 0 28 

2.8 

4-Etho\ybenzyl . 

226 


— 

7.7 ± 0 53 


Cvelohe\yl 

174 


— 

2.0 ± 0.17 


a-Naphthyl .. 

21S 


— 

3.8 ± 0.25 


/3-Naphth\l 

218 



8.7 rfc 0 64 


2-Quinolyl 

8-Quinoly) 

S-(l,2,3, l-tetrahj-dro)quinolyl 

219 

219 

233 

1.2 
1.1* 
1 S 

± 0.05 
± 0.05 
± 0 19 

2 5*± 0 14 
18±0. IS 

2 3 

2.6 

-> > 


* Intraperitoneal administration 


472 










STRUCTURE AND ACTIVITY OF GLYCEROL ETHERS 


473 


cutaneous administration caused drowsiness without loss of the righting reflex. 
After intraperitoneal administration complete paralysis was observed. The 
quaternary salt, the 8-(2',3'-dihydroxypropoxy)-l,l-dimethyl-l ,2,3,4-tetra- 
hydroquinolinium iodide possessed typical curare-like action but did not have 
any paralyzing action in tolerated doses. The mean lethal dose on intraperi- 
toneal administration to mice was 2.5 ± 0.3 mM. per kg. 

3) Nuclear substitution of S-phcnoxypropan-1 ,2-diol (table 3). 
a) Alkyl substitution. Introduction of a single methyl or ethyl group into the 
nucleus markedly increased the paralyzing activity. The toxicity of these com- 
pounds was also increased but relatively less so. The position of the alkyl 
group in the nucleus was of great importance. Compounds with methyl or ethyl 
groups in ortho position were markedly more active than isomers with the same 
group in the meta or para position. They were also more toxic but had a wider 
margin of safety than the corresponding para isomers. Substitution of an n- 
propyl group in the ortho or the para position did not influence activity but some- 
what increased toxicity, the para compound being more toxic than the ortho 
isomer. The 4-n-butylphenyl ether was less active than the unsubstituted 
phenyl ether and had paralyzing action in nearly lethal doses only. The 2-allyl- 
phenyl ether was more toxic than any of the saturated compounds and possessed 
but little paralyzing activity in non-lethal doses. 

Compounds with two alkyl groups in the nucleus had greater activity with the 
substituent groups in the 2,6 position than with groups in the 2,4 or the 2,5 
position. When one of the groups was unsaturatcd the activity, as compared 
with that of the corresponding saturated compound, was increased. 

The effects of nuclear substitution with alkoxy groups were similar to those 
observed with alkyl substitution. The 2-methoxy, 2-ethoxy, 2-propoxy and 2- 
butoxy compounds produced paralysis in similar or smaller doses as the 2-methyl 
and 2-ethyl compounds and also possessed similar toxicity. These alkoxy com- 
pounds differed, however, from the corresponding alkyl compounds in causing 
some excitation prior to paralysis. This was thought to be due to a more marked 
depressant effect on the higher centra. The 4-methoxy ether was much less 
active than the ortho isomer. It was also less toxic but the decrease of toxicity 
was not proportional to the loss of paralyzing activity. 

Compounds with a hydroxy radical attached to the ring directly or through an 
additional carbon atom did not possess paralyzing activity. 

3b) Halogen substitution. The effect of chlorine and bromine substitution 
depended on its relative position in the nucleus in the same way as when 3 lkyl or 
alkoxy groups were the substituent. The 2-chIoro and 2-bromo compounds 
again possessed greater activity and a wider margin of safety than the 4-chloro 
and 4-bromo compounds. Bromination as compared with chlorination causes a 
decrease in activity without a corresponding diminution of toxicity. The iodo 
compound appeared to be still less active but could not be satisfactorilv tested 
because of its very low solubility and the rapid separation of suspensions in gum 
acacia. 

The introduction of two or more chlorine atoms into the nucleus decreased 
activity. The 2 ,4 ,C-trichloro compound did not possess any paralyzing activity. 



TABLE 3 


Nuclear substitution uf S-phenoxypropan-l ,2-diol 
< / ^ >— O— CHr— CHOH— CH,OH 

Mean paralyzing and lethal doses after subcutaneous administration to white mice 


CLASS 

SUBSTITUE.VT 

MOLECU- 

LAR 

WEI CUT 

PDi# ± SE 

LDii ± SE 

LPlS 

PD*» 


[ none 

1GS 

nil /kg. 

5.5 O.oS 

m3! /kg. 

10.0 dr 0.56 

1.8 

Alkyl 

2-methyl 

182 

1.8 ± 0.11 

5.5 ± 0.31 

3.0 


3-methyl 

182 

3.1 rfc 0.2S 

8.1 dr 0.49 

2.6 


4-inethyl 

182 

2.9 dr 0.21 

7.0 dr 0.33 

2.-1 


2-ethyl 

196 

1.8 dr 0.19 

6.4 dr 0.4 

3.5 


4-ethyl 

19G 

4.2 ± 0.2 

7.4 dr 0.34 

1.8 


2-n-propyl 

210 

5.8 rfc 0.51 

9.2 ± 0.63 

1.6 


4 -n -propyl 

210 

5.3 rfc 0.38 

6.9 dr 0.31 

1.3 


4-n-butyl 

224 

S.O rfc 0.44 

8.7 =fc 0.46 

1.1 


2-ally 1 

208 

3.1 dr 0.3 

3.6 d= 0.26 

1.2 

2-Alkyls 

2, 4-dimethyl 

196 

>5.1 

>5.1 

— 


2-methyl -6-n-propyl 

224 

5.0 dr 0.4G 

6.5 dr 0.56 

1.3 


2-methyl-G-allyl 

222 

2.8 dr 0.27 

4 5 d= 0.4 

1.6 


2-n-propyl -4-molhyl 

224 

8.3 rfc 0.5 

13.6 dr 0.63 

l.G 


1 2-nlIyl -4-methvl 

222 

G.7 dr 0.49 

11.7 rfc 0.85 

1.8 


2-i-propyl-5-methyl 

224 

8.3 dr 0.5 

10.5 dr 0.92 

1.3 


2-methyl-S-i-propyl 

224 

— 

1 4.0 dr 0.39 

— 

Alkoxy 

2-methoxy 

198 

1.4 ± 0.09 

5.0 dr 0.33 

3.5 


3-methoxy 

198 

2.5 rfc 0.21* 

6.8 rfc 0.36* 

2.7 


4-methoxv 

198 

4.7 rfc 0.25 

8.1 rfc 0.37 

1.7 


[ 2-ethoxy 

212 

1.4 rfc 0.12 

5.2 dr 0.25 

3.8 


4-ethoxy 

212 

2.4 rfc 0. 16 

3.5 dr 0.28 

1.5 


2-propoxy 

226 

1.1 dr 0.04 

4.0 rfc 0.26 

3.6 


2-butoxy 

240 

1.5 ± 0.08 

3.0 rfc 0.15 

2.0 


2-heptoxy 

284 

— 

>7.4 

— 


! 2-all oxy 

224 

1.1 rb 0.05 

2.6 dr 0.2S 

2.4 

Hydroxy 

2-hydroxy 

184 

— 

6.5 d= 0.4 



4-hydroxy 

184 

— 

9.8 dr 0.82 


Hydroxy alkyl 

2-hydroxymethyl 

198 

— 

7.1 dr 1.1 

— 

Halogen 

2-chIoro 

202.5 

1.7 dr 0.19 

4.5 rfc 0.25 

2.6 


4-ohloro 

202.5 

2.1 ± 0.23 

4.5 dr 0.41 

2.2 


2-bromo 

247 

2.1 d= 0.19 

4.7 rfc 0.32 

2.2 


4-bromo 

247 

3.4 dr 0.18 

4.7 dr 0.23 

1.4 


2,4-dichloro 

237 

2.3 ± 0.22 

3.5 dr 0.18 

1.5 


2,4,6-triohloro 

271.5 

— 

6.0 dr 0.29 

— 

Alkyl and Halogen 

3-methyI-4-chloro 

216.5 

4.0 d= 0.4 

8.0 rfc 0.34 

2.0 


3,5-dimethyl-4-ehloro 

230.5 

6.1 ± 0.37 

10.1 rfc 0.61 

1.6 


2-chloro-6-n-propyl 

244.5 

8.0 ± 0.7 

10.0 dr 0.81 

1.2 


2-n-propyI-4-chloro 

244.5 

8.4 =fc 0.8t 

11.2 dr 0.9 

1.3 


2-allyl-4-ehloro 

242.5 

5.8 rfc 0.45 

8.2 rfc 0.7 

1.4 


2-chloro-G-allyl 

242.5 

5.6 rfc 0.5 

7.0 rfc 0.75 

1.3 


2-n-propyl -4-bromo 

2S9 

8.6 rfc 0.64 

>S.6 

— 


2-bromo-6-n-propyl 

289 

4.9 rfc 0.38 

6.6 dr 0.44 

1.3 


2-bromo-G-allyl 

287 

5.9 rfc 0.46 

S.O dr 0.66 

1.3 


2-alIyM-bromo 

2S7 

5.2 rfc 0.49 

7.0 dr 0.52 

1.3 


• Iutraperitoneal administration 
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Compounds having both a halogen and alkyl group in the ring were relatively 
non-toxic and possessed but little paralyzing activity in non-lethal doses. When 
the alkyl group was unsaturated, paralyzing activity was increased in chlorin- 
ated compounds but not in brominated compounds. Substances with a methyl 
group in ortho position were not investigated and it is possible that such com- 
pounds would have had a stronger paralyzing action. 

4) Derivatives of 3-acylphenoxypropan-l ,2-diol (table 4). The 4-carboxy- 
phenyl ether did not possess any paralyzing activity. The 2-carbomethoxy- 
phenyl ether showed some paralyzing action in large doses but most esters and 
amides of the carboxy phenyl ethers were devoid of paralyzing activity. The 
ketonic derivatives possessed paralyzing activity when the group was in ortho 
position but were devoid of activity when similar groups were in para position' 


TABLE 4 

Acyl derivatives of S-phenoxypropan-1 ,2-diol 
Mean paralyzing and lethal doses after subcutaneous administration to white mice 


CLASS 

SUBSTITUENT ON PHENYL 
CROUP 

MOLECULAR 

WEIGHT 

PDi. ± SE | 

LD» ± SE 

LDso 

PDjo 




mil /kg. 

mlf/kg. 


Acid 

4-carboxy 

212 

— 

11 .S ± 0.9 

— 

Esters 

2-carbomethoxy 

226 

7.8 ± 0.67 

14.2 ± 0.S9 

1.8 


4-carboethoxy 

240 

— 

7.3 ± 0.6 

— 


4-carbo-n-propoxy 

254 

— 

11.4 ± 0.81 

— 


4-carbo-n-butoxy 

268 

— 

>9.3 

— 

Amides 

2-carbamyl 

211 

— 

14.5 ± 0.53 

— 

Ketones 

2-acetyl 

210 

6.2 ± 0.57 

12.2 ± 0.86 

2.0 


4-acetyl 

210 

— 

8.0 ± 0.47 




2-propionyl 

224 

3.4 ±0.25 

5.8 ± 0.47 

1.7 


4-propionyl 

224 

— 1 

3.4 ± 0.36 

— 


2-n-butyryl 

23S 

3.4 ± 0.41 

8.0 ± 0.45 

2.3 


4-n-butyryl 

238 

— 

3.2 ± 0.29 



Oximes of 

4-acetyl 

225 

— i 

6.8 ±0.43 




4-n-butyryl 

253 

— 

8.2 ±0.59 

— 


The compounds with ketonic groups in the para position were also considerably 
more toxic than the corresponding ortho compounds, the para C 3 and C< ketone 
being more than twice as toxic as the para C 2 ketone. The oximes of the C : ,C 3 
and C< ketones did not have paralyzing action. 

5) Branched chain compounds (tables 5). Compounds with a methyl group on 
the Ci atom of the glyceryl chain of the general formula aryl-0-CH 2 -C(CH 3 )- 
OH-CHjOH possessed paralyzing properties equal or superior to the corres- 
ponding straight chain ethers without the methyl group. They showed similar 
relationships between nuclear substitution and paralyzing activity as the straight 
chain compounds. The phenyl ether of the branch chain series was very much 
more active and relatively less toxic than the corresponding straight chnin ether. 
Nuclear substitution of the branched chain ethers apparently reduced activity 
when suspensions of the compounds in gum ncacia were injected subcutaneously. 






TABLE 3 


Nuclear substitution of S-phenoxypropan-l ,2-diol 


<0 


— O-CHr-CHOH-CH-OH 


Mean paralyzing and lethal doses after subcutaneous administration to white mice 


CLASS 

SUBSTITUENT 

VOLECU 
LA R 

VYEICDT 1 

PD.. ± SE 

LD.i ± SE 

LD»* 

' PD*t 


none 

1GS 

nil /kg. 

5.5 ± 0 58 

mif /kg 

10.0 ± 0.5G 

1 8 

Alkyl 

2-methyl 

182 

1.8 ± 0.11 

5.5 ± 0 31 

3 0 


3-methyl 

182 

3.1 rfc 0.2S 

8 1 ± 0.49 

2.6 


4-inethyl 

182 

2.9 ± 0.21 

7 0 ± 0 33 

2 l 


2-ethyl 

100 

1.8 ± 0.19 

6.4 ± 0.4 

3 5 


4-ethvl 

196 

4.2 ±0.2 

7.4 ± 0.34 

1 8 


2-n-propyl 

210 

5 8 ± 0.51 

9.2 ± 0 03 

1.6 


4-n-propyl 

210 

5.3 ± 0 3S 

6 9 ± 0.31 

1.3 

1 1 


4-n-butvl 

224 

S0± 0.44 

8.7 ± 0.40 


2-allyl 

208 

3 1 ± 0.3 

3.6 ±0.26 

1.2 

2- Alkyls 

2,4-dimelhyl 

196 

>5.1 

>5.1 

— 


2-methyl-C-n-propyl 

224 

5 0 ± 0.4G 

6 5 ± 0.56 

1.3 


2-methyl-G-nllyl 

222 

2 8 ± 0 27 

4 5 ± 0 4 

1.6 


2-n-propyl -4-methyl 

224 

8.3 ± 0.5 

13. G ± 0 63 

1 0 


2-allvl-4-methvl 

222 

G 7 ± 0 49 

11.7 ± 0 85 

1.8 


2-i-propyl-5-methyl 

224 

8 3 ± 0 5 

10.5 ± 0 92 

1.3 


2-methyl-5-i-propyl 

224 

— 

4 0 ± 0.39 

— ’ 

Alko\-y 

2-methos.y 

1 98 

I 4 ± 0 09 

5 0 ± 0.33 

3 5 


3-methoxy 

198 

2 5 ± 0 21* 

G 8 ± 0 36* 

2 7 


4-methoxv 

198 

4 7 ± 0 25 

8.1 ± 0.37 

1.7 


I 2-ethoxy 

212 

1 4 ± 0 12 

5.2 ± 0.25 

3.8 


4-cthoxy 

212 

2 4 ± 0 16 

3.5 ± 0.28 

1.5 


2-propoxy 

226 

1.1 ± 0.04 

4.0 ±0.26 

3.G 


2-buto\y 

240 

1 5 ± 0 08 

| 3.0 db 0. 15 ! 

2 0 


2-liepto\y 

284 



>7.4 

— 


2-all oxy 

224 

1 1 ± 0.05 

2 6 ± 0.28 j 

2.4 

Hydroxy 

2-hydroxy 

184 

— 

6 5 ± 0 4 | 

— 


4-hydro\y 

184 

— 

9 8 ± 0 82 

— 

Hydroxy alkyl 

2-hydro \ymcthyl 

198 

— 

7.1 ± 1.1 

— 

Halogen 

2-chloro 

202 5 

1 7 ± 0 19 

4 5 ± 0 25 | 

2 6 


4-ehloro 

202 5 

2 1 ± 0 23 

4 5 ± 0 41 

2.2 


2-bromo 

247 

2 1 ± 0 19 

4 7 ± 0 32 

2.2 


4-bromo 

247 

3 4 ± 0 18 

4 7 ± 0 23 

1.4 


2,-J-dichloro 

237 

2 3 ± 0 22 

3 5 ± 0.18 

1.5 


2,4,6-tnchloro 

271.5 

— 

G 0 ± 0 29 

— 

Alkyl and Halogen 

3-methyl-4-chloro 

216 5 

4 0 ± 0 4 

8.0 ± 0 34 

2.0 

3,5-dimethyl-4-chIoro 

230 5 

6 1 ± 0 37 

10 1 db 0 61 

1.6 


2-chloro -G-n-propyl 

244 5 

8 0 ± 0 7 

10 0 ± 0 81 

1.2 


2-n-propyI-4-chloro 

24 4 5 

8 4 ± 0 81 

11 2 ± 0 9 

1.3 


2-allyl-4-chIoro 

24 2 5 

5 8 ± 0 45 

S 2 ± 0 7 

1.4 


2-chIoro-6 allyl 

242 5 

5 6 ± 0 5 

7 0 ± 0 75 

| 1.3 


2-n-propyl -4-bromo 

2S9 

8 G ± 0 64 

>8 6 



2-bromo G-n-propyl 

289 

4 9 ± 0 38 

6 6 ± 0 44 

1 3 


2-bromo-G-allyl 

287 

5 9 ± 0 4G 

8 0 ± 0 66 

1.3 


2-allyl-4-bromo 

2S7 

5 2 ± 0 49 

7 0 ± 0 52 

1.3 


Iutraperitoneal adm.nistration 
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Compounds having both a halogen and alkyl group in the ring were relatively 
non-toxic and possessed but little paralyzing activity in non-lethal doses. When 
the alkyl group was unsaturated, paralyzing activity was increased in chlorin- 
ated compounds but not in brominated compounds. Substances v, ith a methyl 
group in ortho position were not investigated and it is possible that such com- 
pounds would have had a stronger paralyzing action. 

4) Deriialives of 3-acylphenoxypropan-l ,2-diol (table 4). The 4-carboxy- 
phenyl ether did not possess any paralyzing activity. The 2-carbomethoxy- 
phenyl ether showed some paralyzing action in large doses but most esters and 
amides of the carboxy phenyl ethers were devoid of paralyzing activity. The 
ketonic derivatives possessed paralyzing activity w hen the group was in ortho 
position but weie devoid of activity when similar groups were in para position' 

TABLE 4 

Aryl denva'ices oj 3-phenoxypropan-l ,2-diol 


Mean paralyzing and lethal doses after subcutaneous administration to white mice 


CLASS 

StTE STSTUEXT OV FHEKYL 
GSOUP 

1 U0LECCLA2 
! WEIGHT 

PDjo db SE 

! LD„ rt SE 

1 

LDi& 

PD»i 




mil/kg 

nit/t: 


Acid 

4-carbo\y 

212 

— 

11 8 ± 0 9 



Esters 

2-carbomethoxy 

226 

7 8 i 0 67 

14 2 = 0 89 

1.8 


4-carboethoxy 

240 

— 

7 3 =b 0 6 

— 


4-carbo-n-propoxy 

254 

— 

11 4 i 0 81 

— 


4-carbo-n-butoxy 

268 

— 

>9 .3 

— 

Amides 

2-carbamj 1 

211 

— 

14 5 ± 0 53 

— 

Ketones 

2-acetyl 

210 

6 2 i 0 57 

12 2 ± 0 86 

2.0 


4-acetyl 

210 

— 

8 0 dz 0 47 

— 


2-propionjl 

224 

3 4 ± 0 25 

5 8 ± 0 47 

1.7 


4-propionyl 

224 

— 

3 4 ± 0 36 

— 


2-n-butyrvl 

238 

CO 

\b 

0 

8 0 ± 0 45 

2 3 


4-n-butyryl 

238 

— i 

3 2 ± 0 29 



Oximes of 

4-acetj 1 

225 

— ! 

6 8 ± 0 43 

— 



4~n-buty ryl 

253 

— 

| 8 2 i 0 59 

— 


The compounds with ketonic groups in the para position weie also considerably 
more toxic than the corresponding ortho compounds, the para Cj and C4 ketone 
being more than twice as toxic as the para C 2 ketone. The oximes of the C 2 ,Cj 
and C, ketones did not have paralyzing action. 

5) Branched chain compounds (tables o). Compounds with a methyl group on 
the Cj atom of the glyceryl chain of the general formula ary]-0-CH--C(CH 2 ) - 
OH-CHjOH possessed paralj’zing properties equal or superior to the corres- 
ponding straight chain ethers without the methyl group. They showed similar 
relationships between nuclear substitution and paralyzing activity 3s the straight 
chain compounds. The phenj'I ether of the branch chain series was very much 
more actixe and relatively less toxic than the corresponding straight chain ether. 
Nuclear substitution of the branched chain ethers apparentlj' reduced activity 
when suspensions of the compounds in gum acacia were injected subcutaneously. 
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After intraperitoneal administration of solutions in aqueous propylene glycol 
these methyl phenyl ethers were more active than the phenyl ether and sub- 
s 1 ution in t e ortho position gave compounds of greater paralyzing activity 
than substitution in the meta or para position. The discrepancy between the 
results after administration of compounds in suspension and solution may be due 
to the low solubility of the branched chain compounds. The 3-(4'methylphen- 
0x3 met y]propan-l ,2-diol one of the least soluble compounds did not cause 
complete paralysis after as much as 2000 mg. per kg. (10.2 mM/kg.) when 
administered subcutaneously in a suspension in gum acacia, but paralyzed mice 


TABLE 5 
Branched chain compounds 


tsruncnca cnain compounds 

Me nn paralyzing and lethal doses of 3-aryloxypropan-l,2-diols substituted with a methyl 
group on the C, or C, carbon, nftpr „„„„„„ 


hi— O — CHi — CRiOR— CHRiOH 


R. 


Phenyl 

2- methylphenyl 

3- methylphenyl 

4- methylphenyl 

3.4- dimethylphenyl 

3.5- dimethylphcny] 

2- metho\yphenyl 

3- methoxyphenyl 

4- metho\yphenyl 

2- chlorophenyl 
4-chlorophenyl 

3- methyI-4-chlorophenyl 

4- aeetamidophenyl 
phenyl 

4-methylphenyl 


R. 


methyl 

methyl 

methyl 

methyl 
methyl 
methyl 
methyl 
methyl 
methyl) 
methyl 
methyl 
methyl 
methyl 
H 
H 


Ri 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

methyl 

methyl 


* Intraperitoneal administration. 


UOLECU- 
_ LAS 

weight 

PDi. ± SE 

LDn =h SE 

LD|9 
PD, 7 


mil /kg. 

mll/kt. 


182 

1.9 

± 0.14 

7.1 

± 0.69 

3.4 


1.5* 

± 0.15 

5.4 

± 0.5 

'3.6 

196 

2.1 

± 0.33 

4.6 

± 0.7 

2.2 


0.92* ± 0.05 

2.9 

± 0.18 

3.2 

196 

2.8 

=fc 0.43 

5.6 

± 0.69 

2.0 


1.1* 

± 0.05 

3.2* ± 0.12 

2.9 

196 

1.3* 

± 0.05 

4.0' 

± 0.19 

3.2 

210 

7.8 

± 0.83 

10.7 

± 0.64 

1.4 

210 

3.1 

=fc 0.29 

8.1 

± 0.34 

2.6 

212 

1.6 

d= 0.25 

5.8 

=fc 0.29 

3.5 

212 

1.5* 

± 0.01 

5.4* 

± 0.33 

3.7 

212 

5.3 

± 0.45 

9.2 

± 0 61 

1.7 

216.5 

3.5 

± 0.03 

5.4 

± 0.13 

1.5 

216.5 

4.8 

± 0.34 

5.7 

=b 0.42 

1.2 

230.5 

- 

- 

5.6 

± 0.54 

— 

227 

~ 

- 

11.7* 

± o.s 

— 

182 

9.3 

± 0.99 

11.3 

± 0.95 

1.2 

196 

>10.7 


>10.7 


— 


after 2o0 mg. per kg. (1.3 mM/kg.) when administered intraperitoneally in 
aqueous propylene glycol solution. 

Nuclear substitution with two methyl groups decreased activity. The 
presence of a methoxy group in the ortho position gave a very active compound 
markedly superior to the para isomer, and the same relation applied after nuclear 
substitution v ith chlorine in the ortho and para position. 

Compounds with a methyl group on the Ci atom with the general formula 
aryl-0-CH 2 -CH0H-CH(CH 3 )0H possessed but little paralyzing activity. 
They were difficult to test because of their insolubility in water and aqueous 
propylene glycol. 
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6) Substitution in the hydroxy radicals of the glyceryl side chain (table 6). 
The diacetates of allyl, 2-methylphenyl and benzyl ethers and the glucosides of 
2-methylphenyI and 4-chlorophenyl ethers possessed but little paralyzing 
activity. Two compounds with substituents in the Ci and C 3 hydroxyl groups 
were also examined. They were 3-(2'methylphenoxy)-l-mcthoxy-propan-2-ol 
and 3-(2'methylphenoxy)-l-benzyloxypropan-2-ol. Both of them were devoid 
of paralyzing action in non-lethal doses. After lethal doses they caused ex- 

TABLE 6 

Substitution in hydroxyl radicals 


Mean paralyzing and lethal dose after subcutaneous administration to white m ce 


Rj-O-CHj 

'-CHORt—CHjORi 

JIOLECD- 

PD„ ± SE 

wm 

LDjj 

Rt ! 

Ri 

! R * 

WEIGHT 

PD»j 


1 

1 1 

; 

1 rrJf/kg. 

mil /kg. 


Allyl 

acetyl 

acetvl ! 

216 

- 1 

S.l ± 0.77 1 

— 

2-methylphenyl ] 

acetyl 

acetyl 

266 

! — 

>7.5 

— 

benzyl 

acetyl 

acetyl 

266 

; s.7 ± 0.6 

9.S ± 0.S1 

1.1 

2-methyl phenyl | 

H 

glucosido 

344 

— 

>7.3 

— 

4-chlorophenyl 

H 

glucosido 

364.5 


4.1 =fc 0.45 . 

— 

2-methylphenyl | 

H | 

methyl 

196 


2.5 ± 0.2 

— 

2-methylphenyl 

H 

benzyl 

j 272 


>10.5 

— 

2-mctb3'lphenyl | 

H 1 

dipotassiura 

phosphate 

337 

3.0 ± 0.22 j 

4.1 zb 0.35 

1.4 


TABLE 7 

The influence of various linkages between the nucleus and the glyceryl side chain 


Mean paralyzing and lethal doses after intraperitoneal administration to white mice 


Ri— Rr-CHi— CHOH-1 

CHiOH 

MOLECULAR 

PD j9 =t SE 

LD10 i SE j 

LD, 0 _ 

Ri 

1 R * 

WEIGHT 

( PDib 




mif /kg. 

mil /kg. 


4-methyl phenyl 


182 

1.9 =b 0 os 

5.6 zk 0.26 

3.0 

4 -methylphen3’l 


198 

3.2 i O.OS 

3.4 ± 0.22 

2.S 

4-methylphcnyl 


230 

2.2 zk 0.09 

3.7 ziz 0.21 

1.7 

4-methyIphenyl 


181 

— 

1.1 ± 0.03 

— 


citation which was followed by paralysis. Dipotassium 3-(2'-methy]phenoxy)- 
2-hydroxypropyl phosphate had some paralyzing action. 

7) The linkage between nucleus and side chain (table 7). The significance of the 
ether linkage between the aryl radical and the glyceryl side chain was also 
investigated. Compounds with a sulphur or sulphone linkage, such as 3- 
(Tmethylphenylthio)-propan-1 ,2-diol and 3- (4 'me thylphcny Isulphonyl) -propan- 
1, 2-diol possessed paralyzing activity. The thio ether was more active and the 
sulphone less active, but both compounds were more toxic than the corresponding 
ox ygen ether. The 3-(4'methylphenylamino)-l-propan-l ,2-diol was devoid of 
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TABLE 8 


The anticonvulsant action of S-aryloxypropan-l ,S-diols and S-arylthiopropan-1 ,£-dio!s after 
oral administration to rats convulsed by an interrupted electric current 


NO. 

1 R— CHr-CHOH— CHt— OH 

SUBSTITUENT R 

DOSE 

ORALLY 

RESPONSE* 

mean eleva- 
tion OF 

THRESHOLD 

PD»o i SE IN 

MICP INTEA- 
PERITONEALLY 

LDt« ± SE in 
mice intra- 
pe ritoneally 


I 



tolls 

ni.Hi. 

ni./kt. 


Phenoxy 

400 

3/4 

75 ± 15 

420 ± 14 

1240 ±93 


• 2'-methylphenoxy 

400 

4/4 

36 ± 18 

180 ± 7 

000 ± 16 



200 

0/4 

0 



3 

3'-methyl phenoxy 

400 

4/4 

KFfWW: 

255 ±9 

750 ±30 



200 

2/4 

EH9 



4 

■ 'f'-metliylphenoxy 

400 

4/4 

45 ± 18 

340 ± 15 

1020 ±48 



200 

2/4 

12 ± 2 



5 

| 2'-ethylphenoxy 

400 

4/1 

85 ± 3 

255 ±9 

560 ± 15 



200 

7/8 

35 ± 2 



6 

4'-ethyIphenoxy 

400 

4/4 

54 ± 18 

820 f ± 38 

1450| ± 67 



200 

3/4 

17 ± 4 | 



m 

! 2'-methoxyphenoxy 

400 

4/4 

58 ± 15 

365 ± 11 

1160 ± 51 



200 

2/4 

10 ± 2 




' 3'-methoxyphenoxy 

400 

3/4 

50 ± 5 

495 ± 41 

1350 ± 72 



200 

2/4 

45 ± 10 



9 

! 4'-methoxyphenoxy 

400 

3/4 

76 ± 19 

745 zb 60 

1650 ± 99 


1 

200 

2/4 

55 ± 20 




2'-ethoxypbenoxy 

! 400 

I 4/4 

90 ± 3 

I 250 zb 7 

800 ±35 



| 200 

| 4/4 

37 ± 14 

1 



4'-cthoxypbenoxy 

400 

4/4 

61 ± 25 

412 zfc 15 

740 ± 35 



200 

2/4 

20 ± 5 



12 

2'-propoxyphenoxy 

400 

| 4/4 

90 ± 5 

260 zb 12 

650 ±54 



200 

3/4 

25 ± 3 



13 

2'-butoxyphenoxy 

400 

4/4 

77 ± 10 

216 zb 22 

710 ± 24 



200 

3/4 

13 ± 4 



14 

2'-heptoxyphenoxy 

400 

! 4/4 

57 ± 9 

>2100t 

>2100f 

. 


200 

2/4 

17 ± 10 



15 

2'-alloxypbenoxy 

400 

4/4 

60 ± 14 

150 zb 11 

650 ± 55 



200 

2/4 

17 ± 7 



16 

Phenylthio 

400 

4/4 

20 ± 10 

280 zb 30 

940 ± 95 

17 | 

2'-methyIphenylthio 

400 

4/4 

95 ± 8 

210 ± 11 

600 ± 30 



200 

3/4 

63 ± 15 



18 

4 '-methyl phenyl thio 

400 

2/4 

GO ± 30 

240 zb 15 

6S0 ±43 

19 


400 

2/4 

60 ± 5 

340 zb 26 

>940 

20 


400 

4/4 

47 ± 11 

510 zb 42 

>940 



200 

0/4 




21 

Tridione 

600 

4/4 

81 ± S 

1750 ± 100 

2400 ± ISO 



400 

1/4 

65 





200 

0/4 





Number of animals show i ng an increase in threshold 
Response number o[ animals tested 

f Subcutaneous administration in gum acacia. 


paralyzing activity. It was more toxic than any of the oxygen ethers and 
possessed convulsant properties. 
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II. THE ANTICONVULSANT PROPERTY OF GLYCEROL ETHERS 

1) The antagonism, to metrazol. The effect of compounds No. 1,2,4 ,5 ,7 
and 9, of table 8 on convulsions produced by metrazol was examined in mice. 
The compounds were administered intraperitoneally and after a period of 15 
minutes metrazol 100 mg. per kg. was injected intravenously. The injection 
of metrazol was spread over one minute. All control animals treated with 
metrazol only convulsed and about one half of them died. The various com- 
pounds prevented the occurrence of convulsions and death when administered 
in paralyzing doses, but had little or no effect in smaller doses. Tridione, on the 
other hand suppressed convulsions in doses of 600 mg. per kg. which was about 
one third of the dose causing loss of the righting reflex. 

2) The effect of dntgs on electrically induced convulsions. Convulsions were 
induced in rats by a square wave current of a frequency of 100 cycles per second, 
administered for 2 seconds. The electrodes were placed at the occiput and in the 
mouth of the animals. At intervals of 10 or more minutes current of increasing 
strength was applied until the convulsive threshold was found. The drugs were 
then administered orally in a suspension of gum acacia and the threshold, re- 
examined at intervals for 3 hours. The highest elevation of threshold obtained 
with various doses within this period of time is given in table 8. The table also 
gives the mean paralyzing and lethal doses of the compounds after intraperitoneal 
administration of aqueous solutions to mice. 

All the compounds examined elevated the threshold to electric convulsions to a 
similar extent and there was no correlation between anticonvulsive and paralytic 
activities of the substances. For instance, compounds No. 2 and 10, which 
possessed considerable paralytic activity and caused incoordination and marked 
depression of spontaneous activity in rats after doses of 400 mg. per kg., did not 
cause a significantly greater reduction of the irritability of the cortex to electric 
current than compounds No. 9 and 14 which possessed but little paralyzing 
activity and did not cause any observable symptoms after administration of 
similar doses. On a weight basis, most compounds had a somewhat greater 
anticonvulsant action than tridione but possessed a somewhat narrower margin 
between doses causing an elevation of the threshold and those causing generalized 
symptoms. 


DISCUSSION 

Paralyzing activity of the type described in the introduction of this paper 
appears to depend on the structure R-O-CH 2 -CHOH-CH 2 OH or R-S-CH 2 - 
CHOH-CH-OH. An increase or decrease in the length of this chain caused a 
decrease or disappearance of paralyzing action as witnessed by the slight activity 
or inactivity of the glycol, erythritol and mannitol homologues. Substitution in 
the hydroxyl groups also decreased or destroyed activity. Methyl substitution 
on the C 3 atom did not materially alter the paralyzing potentiality of the basic 
structure. These C 2 methyl substituted compounds were much less water 
soluble but possessed a comparable fat solubility to the unsubstituted straight 
chain compounds. As both kind of compounds possessed comparable activity 
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TABLE 8 

The anticonvulsant action of S-aryloxypropan-1 ,S-diols and S-aryllhiopropan-1 ,2-dioli after 
oral ac! ministralion to rats convulsed by an interrupted electric current 


WO. 

R-CH,-CHOH-CHt-OH 

SUBSTITUENT R 

DOSE 

ORALLY 

RESPONSE 

1IEAN ELEV> 
:* XI ON OP 

THRESHOLD 

PD»9 ± SE in 

IIICE INTRA- 
1 PERITONEALLY 

LD.« ± SE is 

MICE IVTJW* 
peritoveallt 

1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Phenoxy 

2'-methy]phenoxy 

3'-metliyl phenoxy 

4'-methy]phenoxy 

2'-ethy]phenoxy 

4'-ethy]phenoxy 

2'-methoxyphenoxy 

3'-methoxyphenoxy 

4'-methoxyphenoxy 

2'-ethoxyphenoxy 

4'-ethoxyphcnoxy 

2'-propoxyphenoxy 

2'-butoxyphenoxy 

2'-heptoxyphenoxy 

2'-nlloxyphenoxy 

Phenylthio 

2'-methylphenylthio 

4'-methyl phenyl tliio 

2'-methoxyphenyIthio 

4'-methoxyphenylthio 

Tridione 

400 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

200 

400 

400 

200 

400 

400 

400 

200 

600 

400 

200 

3/4 

4/4 

0/4 

4/4 

2/4 

4/4 

2/4 

4/1 

7/8 

4/4 

3/4 

4/4 

2/4 

3/4 

2/4 

3/4 

2/4 

4/4 

4/4 

4/4 

2/4 

4/4 

3/4 

4/4 

3/4 

4/4 

2/4 

4/4 

2/4 

4/4 

4/4 

3/4 

2/4 

2/4 

4/4 

0/4 

4/4 

1/4 

0/4 

volts 

75 ± 15 
3G ± 18 
0 

73 ± 2 
61 ± 4 
45 ± 18 
12 ± 2 
85 ± 3 
35 ± 2 

54 ± 18 
17 ± 4 

55 ± 15 
10 ± 2 

50 ± 5 

45 ± 10 i 

76 ± 19 1 
55 ± 20 
90 ± 3 

37 ± 14 

61 ± 25 
20 ± 5 

90 ± 5 

25 ± 3 

77 ± 10 

13 ± 4 

57 ± 9 

17 ± 10 

60 ± 14 

17 ± 7 

20 ± 10 

95 ± 8 

63 ± 15 

60 ± 30 

60 ± 5 

47 ± 11 

81 ± 8 

05 

n t-Ht. 

420 ± 14 
ISO ± 7 

255 ± 9 

340 ± 15 

255 ± 9 

820 f ± 38 

365 ± 11 

495 ±41 

745 ±60 

250 ±7 

412 ± 15 

260 ± 12 

216 ± 22 

>2100f 

150 ± 11 

2S0 ± 30 
210 ± 11 

240 ± 15 

340 ± 26 

510 ± 42 

1750 ± 100 

nj./ir. 

1240 ±93 
GOO ± 16 

750 ±30 

1020 ±48 

560 ± 15 

1450f ± 67 

1160 ± 51 

1350 ±72 

1650 ±99 

800 ±35 

740 ±35 

650 ±54 

710 ±24 

>2100f 

650 ± 55 

940 ± 95 

600 ± 30 

6S0 ±43 
>940 
>940 

2400 ± ISO 


* Response ^. u m ^ er °f animals showing an increase in threshold 
number of animala tested 
t Subcutaneous administration in gum acacia. 


paralyzing activity. It was more toxic than any of the oxygen ethers and 
possessed convulsant properties. 
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II. THE ANTICONVULSANT PROPERTY OF GLYCEROL ETHERS 

1) The antagonism to melrazol. The effect of compounds No. 1,2, 4,5, 7 
and 9, of table 8 on convulsions produced by metrazol was examined in mice. 
The compounds were administered intraperitoneally and after a period of 15 
minutes metrazol 100 mg. per kg. was injected intravenously. The injection 
of metrazol was spread over one minute. All control animals treated with 
metrazol only convulsed and about one half of them died. The various com- 
pounds prevented the occurrence of convulsions and death when administered 
in paralyzing doses, but had little or no effect in smaller doses. Tridione, on the 
other hand suppressed convulsions in doses of COO mg. per kg. which was about 
one third of the dose causing loss of the righting reflex'. 

2) The effect of drugs on electrically induced convulsions. Convulsions were 
induced in rats by a square wave current of a frequency of 100 cycles per second, 
administered for 2 seconds. The electrodes were placed at the occiput and in the 
mouth of the animals. At intervals of 10 or more minutes current of increasing 
strength was applied until the convulsive threshold was found. The drugs were 
then administered orally in a suspension of gum acacia and the threshold, re- 
examined at intervals for 3 hours. The highest elevation of threshold obtained 
with various doses within this period of time is given in table 8. The table also 
gives the mean paralyzing and lethal doses of the compounds after intraperitoneal 
administration of aqueous solutions to mice. 

All the compounds examined elevated the threshold to electric convulsions to a 
similar extent and there w’as no correlation between anticonvulsive and paralytic 
activities of the substances. For instance, compounds No. 2 and 10, which 
possessed considerable paralytic activity and caused incoordination and marked 
depression of spontaneous activity in rats after doses of 400 mg. per kg., did not 
cause a significantly greater reduction of the irritability of the cortex to electric 
current than compounds No. 9 and 14 which possessed but little paralyzing 
activity and did not cause any observable symptoms after administration of 
similar doses. On a weight basis, most compounds had a somewhat greater 
anticonvulsant action than tridione but possessed a somewhat narrower margin 
between doses causing an elevation of the threshold and those causing generalized 
symptoms. 


DISCUSSION 

Paralyzing activity of the type described in the introduction of this paper 
appears to depend on the structure R-O-CH 2 -CHOH-CH 2 OH or R-S-CH 2 - 
CHOH-CH-OH. An increase or decrease in the length of this chain caused a 
decrease or disappearance of paralyzing action as witnessed by the slight activity 
or inactivity of the glycol, erythritol and mannitol homologues. Substitution in 
the hydroxyl groups also decreased or destroyed activity. Methyl substitution 
on the C : atom did not materially alter the paralyzing potentiality of the basic 
structure. These C 2 methyl substituted compounds were much less water 
soluble but possessed a comparable fat solubility to the unsubstituted straight 
chain compounds. As both kind of compounds possessed comparable activity 
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if administered in solutions, it may be inferred that paralyzing activity is not 
correlated with the oil water coefficient. 

The radical R in the structure R-0-CH 2 -CH0H-CH 2 0H could be an acyclic or 
aromatic hydrocarbon. When R was an aliphatic radical, compounds with 
straight chain alkyls had greater paralj’zing activity than the branched chain 
isomers. Unsaturated groups decreased activity and increased toxicity. 

The greatest paralyzing activity was obtained when R was a benzene ring with 
a suitable group in ortho position. The presence of a substituent in ortho 
position was relatively more important than the nature of the substituent. 
Methyl, ethyl, methoxy and ethoxy groups or a halogen in ortho position pro- 
duced compounds of marked paralyzing action and a relatively wide margin of 
safety. The presence of the same groups in para position resulted in markedly 
less active compounds which were also less toxic and possessed a narrower 
margin of safety than the ortho isomers. Nuclear substitution with the propoxy 
group in the ortho position resulted in compounds of marked activity, but further 
lengthening of the alkoxy side chain reduced activity. Nuclear substitution 
with a hydroxy, hydroxymethyl, formyl or allyl group destroyed or diminished 
the paralyzing action of the compounds even when these groups were in ortho 
position. 

Most a substituted ethers of glycerol in toxic doses caused paralysis prior to 
death. By introduction of a benzene nucleus suitably substituted in ortho 
position, the paralyzing activity of compounds was increased to a greater extent 
than their toxicity. The compound of this type with the widest margin of safety 
and greatest solubility was myanesin, the 3-(2'-methylphenoxy) propan-1, 2- 
diol. 

Compounds having the structure R-0-CH 2 -CH0H-CH 2 0H or R-S-CHr 
CHOH-CH 2 OH increased the threshold to electrically induced convulsions. 
This cortical effect was of approximately the same intensity in all compounds 
tested and could not be significantly altered by modifications of the radical R. 
There was no simple correlation between the paralyzing and anticonvulsant 
properties of the compounds. 

a substituted ethers of glycerol possessed also other interesting pharma- 
cological properties. They had a depressant effect on the blood pressure, re- 
duced the rate of the heart, possessed a quinidine-like action on the isolated 
auricle and were vasodilators. They did not possess central analgesic activity 
but had an antipyretic action. Numerous compounds possessed local an- 
aesthetic properties and these were particularly well marked in esters of 
3-carboxyphenoxypropan-l,2-diol. With the exception of 8-(2',3'-dihydroxy- 
propoxy)-l,l-dimethyl-l,2,3,4-tetrahydroquinolinium iodide none of the com- 
pounds possessed curare-like action in tolerated doses. The relaxant and 
paralyzing effects were caused by the depressant action of the compounds on the 
central nervous system. 


SUMMARY 

1) Many substances of the structure R-0-CH 2 -CH0H-CH 2 0H produced 
transient muscular relaxation and paralysis. These effects were due to a 
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depressant action on the central nervous system and particularly on the spinal 
cord. 

2) The paralyzing action was strongest when R was a benzene nucleus 
substituted in the ortho position with a small alkyl or alkoxy group or chlorine. 
Compounds with these radicals in meta or para positition were less active than 
the ortho isomers. The presence of a hydroxy, amino, amido, ester or hydroxy- 
alkyl group or multiple substitution in the ring with alkyls, halogens or both 
decreased paralyzing activity. 

3) When R was an aliphatic radical, straight chain alkyls contributed more 
to the paralyzing activity than the branched chain isomers or unsaturated 
radicals. The n-aniyl ether was the most potent compound of the aliphatic 
series. 

4) Methyl substitution on the C« atom of the glyceryl side chain did not 
materially alter paralyzing activity but substitution on the Ci atom decreased 
activity. 

5) Substitution in the hydroxyl groups decreased or destroyed paralyzing 
activity. 

6) Compounds possessing the structure R-S-CH-~CHOH-CH 2 OH or R- 
SO r C 3 j-CHOH-CH 2 OH also had paralyzing activity, but were more toxic than 
the oxygen ethers. 

7) Compounds of the structure aryl-O-CHrCHOH-CHjOH and aryl-S- 
CHrCHOII-CHjOH increased the threshold to electrically induced convulsions. 
There was no simple relation between the anticonvulsant and paralyzing activity 
of the compounds and the anticonvulsant action could not be significantly 
altered by alkyl or alkoxy substitution in the nucleus. 

My thanks are due to Mr. R. A. Hall and to Misses B. J. O’Brien and D. 
Culver for technical assistance. Drs. Bradley, Elliott, Forrest, Maclean and 
a nd Stephenson and Messrs. Baker, Pryce, Sayer and Miss Gailer were re- 
sponsible for the preparation of the compounds. 
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INTRODUCTION 

Diethyl ether causes dilatation of the heart in experimental animals by direct 
action on the heart muscle and at concentrations within the normal anesthetic 
range. This commonly has been neglected or over-shadowed by discussions of 
disturbances in rhythm, though earlier workers demonstrated conclusively that 
such dilatation occurs. 

Dieballa (1) and Vernon (2) showed relaxation in amphibian hearts perfused 
with ether solutions, but stressed the greater toxicity of chloroform. In 1923 
Cattell (3) reviewed the literature to that time and did careful experimental 
studies on the site of action of ether on the circulation in eats, using the peri- 
cardial sac as an oncometer. He observed, “From the beginning of the ad- 
ministration of ether, there is relaxation of heart tone as indicated by increased 
volume. This becomes progressively greater as anesthesia becomes deeper, the 
maximum dilatation being reached only with the death of the animal.” Olmsted 
and Ogden (4) published a cardiometer tracing made with a dog heart-lung 
preparation in which 2 or 3 breaths of ether produced marked but transitory 
increase in ventricular volume. Bhatia and Burn (5) working on dog heart- 
lung preparations concluded “The administration of ether for quite short periods 
such as 80 seconds results in an immediate weakening of the power of the heart 
muscle”, and showed similar tracings. 

It was proposed to repeat these studies on the dog heart-lung preparation and 
to correlate the effects with the planes of anesthesia and with the blood ether 
levels. 


METHODS 

The heart-lung preparation was used in order to eliminate reflex control of the heart 
rate and to enable the observations to be carried out under controlled conditions of input- 
loads and resistance-loads. Aortic pressure was measured and recorded graphically by 
me ans of a damped mercury manometer connected to a side arm of the aortic cannula. 
Right atrial pressure and pulmonary arterial pressure were measured by means of damped 
water manometers connected with cannulae inserted into the right atrium via the inferior 
vena cava and into the left upper lobe branch of the pulmonary artery. Ventricular volume 
was measured by means of a Henderson cardiometer and a piston type volume recorder and 
was recorded mechanically upon smoked kymograph paper. Left ventricular output minus 
the coronary flow was measured either by- timing outflow into a graduated cylinder with a 
stopwatch or by a continuously recording siphon-type flow meter. 

Blood ether was determined by a slight modification of the Shaffer and Ronzoni (0) 

i Aided by grants from the Research Board of the University of California. 
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procedures. Unpremedicated dogs were anesthetized with ether and blood samples were 
taken for ether analysis at the different planes of anesthesia of Stage III. As soon as the 
head was deprived of its blood supply the anesthetic was discontinued and experimental 
observations were made about two hours after the last anesthetic was administered. Ether 
was volatilized and was administered to the heart-lung preparation via the pump that 
maintained the pulmonary ventilation. At frequent intervals during and after the ad- 
ministration of ether to the heart-lung preparation, arterial blood samples were taken for 
determination of their ether content. Thus, in each preparation the effects produced upon 

TABLE 1 


The blood ether leiel in mgm/iOO cc. in normal dogs corresponding to the planes of anesthesia 

of stage 111 



XOANE 

I 

II 

III 

IV 

These experiments 

SI ± 7.0*(13)f 

9S ± 3.4(7) 

124 ± S 0(7) 

154 ± S 0(14) 

Average of Robbins’ (13) 





observations 


103 

120 

152 


* Standard deviation of the mean, 
f Number of determinations 
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Fig. 1 

CO, cardiac output, T, time in minutes, AP, aortic pressure, PP, pulmonary arterial 
pressure; VV, ventricular volume change calibrated m cc This experiment illustrates the 
fcnects of the administration of ether producing a blood level corresponding to 3rd plane 
anesthesia and then reduction of its concentration to a level corresponding to 2nd plane 
anesthesia Note the ventricular dilatation, with recovery as the blood ether concentra- 
uon decreased, and the rise in pulmonary pressure (a rise of 25 mm of H 2 0) with subsequent 
restoration to normal At the height of the ventricular dilatation right atrial pressure rose 
8 mm ofH 2 0 

the isolated heart b\ a given blood ether level could be correlated with the depth of anes- 
thesia previous]}* produced m the intact animal by a comparable le\el of blood ether. 

ur,n S the course of an experimental observation neither the peripheral resistance nor the 
'cnous return were altered 


OBSERVATIONS 

Blood ether levels vn intact dogs. As reported by "Whitehead and Draper (7), 
Marked variations were found in the level of blood ether required to produce the 
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same plane of anesthesia in different dogs. However, in general the observed 
levels agreed with those in the literature (8, 9, 10, 11, 12). In table 1 is pre- 
sented a summary of the blood levels for the planes of Stage III anesthesia. 
The average levels are in remarkable agreement with those reported by 
Robbins (13). 

The effect of ether upon the heart-lung preparation. In figures 1 and 2 are re- 
produced representative kymograph records from this series of experiments. 
In each of the thirteen preparations studied there was definite ventricular 
dilatation produced by pre-anesthetic blood ether levels, and the dilatation in- 
creased progressively with increasing blood ether concentrations. With blood 
ether levels that corresponded to the 2nd plane of anesthesia there were minimal 
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PP 


AP 


120 
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Fig 2 

T, time in minutes; PP pulmonary arterial pressure; AP, aortic pressure calibrated in 
mm of Hg; VV, ventricular volume change calibrated in cc. This experiment illustrates the 
effects produced by the rapid administration of ether producing a blood level corresponding 
to 4th plane anesthesia. Note the marked ventricular dilatation with reduction in stroke 
output and hence cardiac output, the fall in aortic pressure, the rise in pulmonary pressure, 
and the recovery as the blood ether concentration decreased. 


elevations in the pressures in the pulmonary artery and the right atrium. With 
blood ether levels corresponding to 3rd plane anesthesia these pressure rises were 
pronounced and were rapidly accentuated when the blood ether concentration 
was increased to levels corresponding to 4th plane anesthesia. 

Only when the ventricular dilatation was marked and there were rises in 
pulmonary arterial and right atrial pressures did the cardiac output or the aortic 
pressure decrease. The dynamic changes produced by high blood ether con- 
centrations are characteristic of a failing heart. The fact that low concentra- 
tions of blood ether produce ventricular dilatation without change in cardiac 
output, or change in the aortic, pulmonary arterial or right atrial pressures is 
good evidence that the effect is produced by a direct impairment of the force of 
ventricular contraction. 
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CONCLUSIONS 

1. Ether at a blood concentration corresponding to all anesthetic ranges 
produces ventricular dilatation in the dog heart-lung preparation. 

2. Beginning with blood levels corresponding to second plane anesthesia and 
at all greater concentrations the dynamic changes produced are those of a failing 
heart. 
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